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Etiitoual Foren ord 


W r all tend to take the commonplace and faniihai m human 
experience for granted and cease to wonder at it But, when 
one stops to think about these things, and asks for an 
explanation of them again and again one finds that it is the 
most common and familiar which piove most difficult to 
account for in scientific teims Heiedity is an outstanding 
example ot this fact All species bleed more or less true to 
type Indeed repioduction down the generations is one of 
the great ch u ictenstics of living things On the other hand, 
individual vaiiation does occur, and it is on variation of a 
certain kind that natuial selection has worked to lead to 
organic evolution In this book, which is bound to appeal to 
a very latge circle of readers, Di Carter explains in simple 
terms what is known about th'*' extraordinary phenomenon, 
with particular lefetence to man 
In the first place his book must make an appeal to every 
thinking lavman For we have all inherited, not only our 
ordmarj human characteristics, both physical and mental, 
from our parents, but also some of those characteristics 
which are peculiarly our own as the result of the complex 
gene pattern whence we are individually derived Most of us, 
too, have had or will have children, and have passed or will 
pass on to them some of the characteristics which now seem 
peculiarly ours Dr Carter’s book explains all this, in so far 
as it IS capable of explanation as yet, and helps us to dis- 
tinguish, where the causation of human variation is con- 
cerned, between genetic factors and the influence of environ- 
ment on individual development 
In the second place this book will appeal to sociologists. 



S EDITORIAL FOREWORD 

To what extent can the human race be modified by control 
of environment? Or, can it be improved only by the control 
of human mating? Some seenj to think environment all- 
important in this matter; others take their stand on eugenics, 
and tend to ignore the importance of environmental 
influence. Dr Carter’s book will help the reader to take a 
balanced view in a field where a rational outlook is very much 
required. In the third place, it will appeal to all students of 
biological science. For, biologically speaking, man is a good 
example of an animal, and in it he will find a simple up-to- 
date account of the phenomenon of heredity in general. 

Last but not least, to the medical student and practising 
doctor it will come as a ray of light in the darkness. Hitherto 
they have been regaled and oppressed by books on genetics 
dealing with the inheritance of odd conditions and rare 
characteristics, most of them extremely difiicult to under- 
stand. But this book deals in a simple way with the familiar: 
with the inheritance of intelligence, constitution, and some 
of the common diseases which the doctor meets. Further, 
disease can be defined only as an alteration in an individual 
for the worse, as judged on human standards, and that must 
be due to some fault in the genetic plan whence the individual 
is derived, or to some adverse factor in the environment into 
which he has been born, or to interaction between these two 
rival factors. It is true that some common diseases are due 
to simple genetic factors; true also that some others are due 
to simple adverse factors in a man’s environment. But the 
pendulum of medical opinion is fast swinging away from the 
idea of single simple causes. Most diseases are bred of 
complex interaction between genetic predisposition and 
adverse factors in environment. A proper understanding of 
human heredity is becoming increasingly important to a 
proper understanding of human disease. 

A. E. CLARK-KENNEDY 
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CHAPTER 1 


Inheritance: How We can Learn from Twins 


In general, children resemble their parents. This is often 
more evident to others than to the parents themselves. A 
family doctor, and even more a children’s specialist, who sees 
a succession of mothers and children during his consulting 
hours and visits, is constantly struck by these resemblancae 
of features, body-build, and mannerisms. People change as 
they age, and these resemblances would be even more 
striking if one could see, say, a mother at the age of six and 
her daughter at the same age. Parents who are 1 ucky enough to 
have photographs of themselves as children will be able 
to make these comparisons. There are also many exceptions 
to this general resemblance. A particular child may resemble 
neither parent, at any rate for some of his characteristics. 
'The scientific study of heredity, which is called genetics, 
attempts to analyse and explain these likenesses and, equally 
important, the unlikenesses. 

There is, of course, more than one cause of likeness be- 
tween parent and child. The first main cause is true genetic 
inheritance, a potentiality for growth along certain lines 
transmitted from parent to child in the germ cells. The 
second main cause is cultural inheritance, the tendency of 
children to learn from and imitate their parents and also to 
have social experiences, such as standard of living and type 
of schooling, of much the same kind as their parents. As 
knowledge of human heredity grows, it is becoming in- 
creasingly possible to distinguish likenesses due to heredity 
from likenesses due to similar external influences, physical, 
social, and cultural. The latter groups of influences are 
Collectively called environmental. 
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It has become clear from animal as well as human studies 
that both inherited and environmental factors influence a 
child’s development for almost all characteristics. It is not 
possible to give any general answer to the question as to 
which is more important, heredity or environment. Severe 
inherited defect or severe environmental damage may each 
prevent normal development. It is possible, however, and 
useful, to divide individual qualities into three groups: 

(1) those in which human beings resemble or differ from 
each other because of differences in inherited factors; such 
a quality is the colour of the eyes, and no environmental 
factors are known to influence eye-colour appreciably. 

(2) those in which people resemble each other or differ from 
each other almost entirely because of differences in environ- 
ment; such a quality is language. 

(3) those in which people resemble each other or differ from 
each other because of differences of both heredity and en- 
vironment; such qualities are stature and intelligence-test 
score during school age. 

The qualities which may be allotted to the first two groups 
are rather few compared with those that go into the third, 
mixed group. In the large third group, the relative impor- 
tance of inherited and environmental difference as a cause 
of variation will change with the group of children or adults 
being studied. For example, in a group of healthy children 
who have been well fed all their lives, variation in hei^t 
will, in most part, be due to differences in inheritance. In 
a group where some have been well fed but others have been 
chronically undernourished, the difference in height between 
members of the group may well be due lyore to these 
variations in nurture than to genetic differences. In the same 
way, where a group of children have had a uniform type 
of schooling and very similar home backgrounds, it is 
likely that differences in inheritance will be responsible fd 
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much of the variation in intelligence*test score; this is 
particularly the case for children in the same family. But 
any investigator must always be on the look-out for un- 
expected differences in environment, even, for example, in 
a group of children reared together in an orphanage. 

Early twin studies 

In animal experiments it is possible to make an analysis 
more precise by largely eliminating variations in environ- 
ment, and so to observe differences due to variations in 
heredity alone. It is also possible to study the effects of 
varied environments, for example different diets, on strains 
of animals which have been intensively inbred so that com- 
plication from genetic variation is much reduced. With 
human beings a group with a really uniform environment is 
perhaps never found but, fortunately, there are a number of 
individuals with the same inheritance. These are ‘identical’ 
twins, derived from a single embryo which has divided in 
half early in development and each half of which has gone 
Jcn to form a separate child. The strong general resemblance 
of ‘identical’ twins in features, body-build, and the more 
fundamental qualities is striking evidence of the general 
importance of inherited factors in determining a child’s 
growth and development under ordinary environmental 
conditions; particularly as most of this resemblance is 
still found where the twins have been separated in infancy 
and brought up by different foster-parents. 

The value of twins for genetic studies was indicated first 
by Francis Galton, born 1822, a versatile genius and a 
cousin of Charles Darwin (see Figure 46, p. 138). Galton 
was familiar with the idea that there are two types of twins, 
one type in which each twin is the product of a separate 
lemale germ cell or egg, and the other type in which both are 
derived from the same egg. In the latter case the twins were 
^ways of the same sex and he thought the twins always had 
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a common afterbirth, that is a common chorionic membrane. 
He collected information by sending out a questionnaire to 
a number of twins and their relatives, asking for their life 
histories. He reported the hndings first in 1875 in Frazer's 
Magazine and the AnthropologicalJonrnal, then in his book 
Inquiries into Human Faculty published in 1883. 

Galton noted that many twins of the same sex. presumably 
those among them that were derived from a single ovum, 
were alike from birth and remained alike. This was especi- 
ally marked for qualities such as eyc-colour and hair-colour, 
and to a lesser degree for qualities such as height, weight, 
and temperament. He noted with height that sometimes twin 
A would start taller than h, then for a time b would lead, but 
finally their full adult heights were usually very much alike. 
With respect to temperament in these twins, Galton con- 
sidered that the differences seen, when marked, were of 
intensity or energy and did not extend more deeply into the 
structure of the personality. Galton noted, too, that it was not 
uncommon for similar tw'ins to experience the same illnesses. 
Sometimes these represented the late appearance of con- 
ditions which were inherited at birth, though dormant in 
early life, such as gout. Twins of unlike sex, however, and a 
proportion of like-sex twins, were often most unlike each 
other in early childhood and remained unlike in spite of 
being brought up and educated together. 

Identical and fraternal twins and the proportions of each type 

Since Gabon's day the existence of tw'o types of twins has 
been fully confirmed and a considerable advance made in 
diagnosing the type of twinning. The pairs derived from a 
single fertilized egg, or zygote, are most accurately described 
as monozygotic (sometimes abbreviated to MZ). This term 
emphasizes that they are derived from the same sperm as well 
as the same egg. They are commonly called 'identical', and 
this is the term we shall use for them, but they are not exactly 
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alike except for their inheritance Identical twinning appears 
to be a freak of nature and the frequency of this type of 
twinning seems to be fairly constant - between three and 
four births in a thousand It is much the same in different 
races and in diffeient countries, and is more or less indepen- 
dent of the mother s age This t\pe of twinning shows no 
tendency to run in families 

The quite distinct t\pe of twinning, in which the pair are 
derived irom two fertilized eggs, or zygotes, is most accur- 
ately described as (sometimes abbreviated to DZ). 

They aie commonly called "fiatenud' The frequency of 
fraternJ twinning shows interesting variations It is much 
commoner in Lurope than in lapan, where two-thirds of the 
twins are identical It becomes increasingly common as 
mothers get older rising to a maximum in mothers between 
thirtv-livc and thirty-nine and then falling in mothers over 
forty In addition this type of twinning shows a marked 
tendency to run in families The frequency of the two types 
of twinning in relation to mother’s age is shown in Figure 1. 

When the diagnosis of the typ of twinning was based on 
whether there were one or two chorionic membranes in the 
afterbirth, it was considered that the proportion of twin 
births which were of identical twins in European countries 
was between 12 per cent and 1 5 per cent But as early as 1874 
the French mathematician, Bertillon, suggested that it should 
be possible to find out what proportion of twins were identi- 
cal by examining the proportion of twins who were of like 
sex and of unlike sex Identical twins must always be of the 
same sex , half of all fraternal twins are also of like sex. So 
the number of identical twins in any sample may be found 
by subtracting the unlike sex twins plus an equal number of 
like sex twins from the whole In addition, a small allowance 
must be made for the fact that rather more boys than girls are 
born By this method ov er a quarter of all twin pairs in western 
^Europe would be identical, instead of only 12-15 percent In 
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■ 1902, Weinberg, a German physician, reaffirmed the validity 
of this method. He noted, for example, that from the statistics 
of Prussia between 1826 and 1896, the percentage of unlike 



sex twins was 37-3. The estimated percentage of fraternal 
twins was, therefore, 74-6 and identical twins 25-4. 

The discrepancy between the estimates made from the 
afterbirths and from the sex ratio of twins was explained by 
two German doctors, Curtius and Verschuer. They showed 
that it was possible for identical twins each to have a separate 
chorion. This is understandable, since a chorion is formed 
by the embryo, and if an embryo splits sufficiently early in^ 
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its development, then each resulting identical twin will form 
its own ehorion. Nowadays, the proportion of identical twins 
calculated by Weinberg’s method is found to correspond 
very well with the proportion estimated to be identical by 
modern methods of determining the type of twinning. It is 
nou accepted that when twins each have a separate chorion 
they may be either identical or fraternal, though the majority 
will be fraternal. When twins share a chorion they are 
identical, but it is not uncommon for fraternal twins whose 
placentae are closely adherent to appear to have only one 
chorion. Careful study will show, however, that there*hre 
always two chorions in fraternal twins, and it is exceedingly 
rare for these to fuse. 

Modern methods of determining the type of twinning were 
first developed by the Dutch physician Siemens in the early 
1920s. They consist essentially of testing the twin pair for a 
series of characteristics which are known to be genetically 
determined, and assigning the pairs which differ on any of 
these characteristics to the fraternal group. Those that re- 
main are considered to be ideniical. It is impossible to prove 
positively that twins are identical by this method, but the 
probability that they are so increases as the twin pair are 
found to resemble each other for all the characteristics for 
which, had they been fraternal, they might have differed. 

In the first place, all twins of unlike sex are clearly frater- 
nal. Appreciable differences in hair-colour and form, or 
eye-colour, or shape of nose, or shape of hands, or shape of 
fingernails, all indicate that the twins arc fraternal. Most 
reliable, however, are the blood groups when tested by an 
expert (see Chapter 4). There are now many different blood- 
group systems which may be tested, and if twins difi^r in 
any of these blood groups they are fraternal. With a know- 
ledge of the blood groups of the parents it is possible to 
calculate the odds against the twins being the same for all 
the blood groups purely by chance. Very often, in practice. 



18 


HUMAN HEREDITY 


it is possible to build up a strong case against the twins being 
fraternal on the blooo groups alone. 

Finger-prints are also ustl.d- Galton was also the first to 
draw attention to the value of finger-prints in identification, 
and now it is well established that no two indixiduals have 
the same finger prints. Identical twins, however, are usually 
alike in their prints, so much so that it is not uncommon for, 
say, the left hand of one twin to be more like one hand of the 
other twin than his or her own right hand. Accordingly, the 
greater the differences in the finger-prints of a pair of twins, 
the greater the odds against their being identical. 

The use of twins in assessing the amount oj he/eilita / 1 \aiiation 

The modern argument for the use of twins m the study of 
hereditary variation is as follows: 

(1) for characteristics in which differences between one per- 
son and another are largely due to genetic vaiiation, the 
resemblance of the identical twin pair will be nearly com- 
plete. But the resemblance of fraternal pairs will be con- 
siderably less since fraternal twins, like ordinary brothers 
and sisters, have only half their chromosomes (the structures 
which carry hereditary factors), on the average, in common. 

(2) for characteristics in which differences between one 
person and another are largely due to their own environ- 
mental experience, the greater genetic resemblance of iden- 
tical twins is unimportant and they will resemble each other 
no more than do fraternal twins. 

(3) for the third group of characteristics in which differences 
may be due to both genetic and environmental differences, 
the resemblance of identical twins will be incomplete (accord- 
ing to the different experiences they have had), but still 
notably more than that of fraternal twins. 

A recent study of the causes of congenital club foot pro- 
vides an illustration of the use of twin studies. Babies with 
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club foot are bom with one or both feet turned in at the 
ankle. The deformity may be corrected by careful splinting 
in infancy and early childhood. In 1919 Idelberger, a Ger- 
man doctor, by patiently comparing the list of children 
attending orthopaedic clinics with birth registers, collected 
a lai ge series of children with club foot who were the product 
of a twin birth. He then traced these children and also their 
twins. Sometimes of course, the other twin was dead, but 
where it was living Idelberger examined the child for the 
presence of club fool and also compared the two twins to 
see if they were identical or fraternal. He was not able to 
use blood groups, but mistakes in deciding the type of twin- 
ning are likely to have been few. His findings were clear-cut. 
Of 35 identical twins of his index cases 8, that is about 23 
per cent, also had club foot. Of 65 like-sex fraternal pairs 1, 
that IS only about 2 per cent, also had club foot. He was able 
to conclude that club foot fell into the group where both gen- 
etic and environmental factors were important in causation; 
genetic factors because the resemblance between the identical 
pairs was higher than that the fraternal pairs; environ- 
mental factors because the resemblance of his identical pairs 
w'as incomplete. There is no certain knowledge of the environ- 
mental factor or factors which are important in club foot. It 
is presumably something which can affect one twin and not 
another, and a plausible suggestion is that it is pressure from 
the wall of the mother’s womb on the feet of the embryo. 

The same method can be used to test the importance of 
genetic factors in illnesses where the main cause is known to 
be environmental. Tuberculosis for example is primarily due 
to infection with the tubercle bacillus. The majority of men 
and women in this country are infected by the tubercle 
bacillus sooner or later in their lives. But the course the 
infection takes varies greatly. In some it leads to a general- 
ized blood-borne disease, with death from damage to tissues 
all over the body. In some it leads to considerable but slowly 
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progressive damage to the lungs alone. In some it leads to 
only a small amount of damage in the lungs or elsewhere, 
which is sealed off and causes no further trouble. Numerous 
intermediate forms are seen as well. This variation certainly 
depends to some extent on the age at which the man or 
woman is infected and on environmental conditions - tuber- 
culosis was rife in the concentration camps in the Second 
World War - but there is also evidence that genetic factors 
play a part. Surveys in Germany, America, and most re- 
cently in this country have shown that if one twin has active 
tuberculosis of the lungs the other twin is more likely to have 
similar tuberculosis if identical than if fraternal. 

The most sophisticated of these surveys on tuberculosis 
is one recently made in England. Here Simonds at first found, 
when she asked the staffs of chest clinics to let her know 
of all the new patients attending who were one of a twin 
pair, that she was getting too few twins and that the twins 
that were being reported to her were unrepresentative. They 
included too many identical pairs and too many pairs where 
both twins were affected. She was, however, able to get an 
unbiased sample by writing herself to all the patients of the 
clinics asking them whether they had a twin or not. Investiga- 
tion of this group showed that of the identical co-twins 16 in 
54, that IS about 30 per cent, were also affected ; while of the 
fraternal co-twins 19 m 148, that is 13 per cent, were also 
affected. These percentages were lower than for the other 
surveys, but resembled them in that the identical twins were 
significantly more often also affected than the fraternal twins. 
Even allowing for the fact that identical twins tend to go 
about more together, this finding suggests that genetic factors 
are important ih a man’s or a woman’s resistance to infection 
by the tubercle bacillus. 




INHERITANCE 


21 


there is no division between normal and abnormal, but a 
continuously graded variation among normal people. Quali- 
ties of this kind are weight, height, and intelligence-test 
score. While there are individuals who are extremely short 
and others who are extremely tall, very often because of 
some disease or malformation affecting the skeleton, the 
great mass of ordinary adult Englishmen range between a 
height of 60 inches and 75 inches, with the average between 
67 and 68 inches. In making comparisons between identical 
and fraternal twin pairs for characteristics of this kind, one 
cannot say a certain proportion of twins are also affeSted, 
but one can measure in various ways the resemblance of 
each type of twin. 

Tliree scientists on the staff of the University of Chicago, 
Newman, Freeman, and Holzinger, made the most impor- 
tant of all twin studies for characteristics showing normal 
variation. They published their results in 1947. Part of their 
study was of 50 pairs judged to be identical and 52 pairs of 
the same sex judged to be fraternal, together with 52 non-twin 
brother and sister pairs. They expressed the resemblances 
between their twin pairs for height in two ways. Firstly, by 
the average difference between the twins; this was two- 
thirds of an inch (0-67) for the identical pairs, and a little 
over one and a half inches (1 -73) for the fraternal pairs of 
the same sex. The difference for the fraternal pairs was very 
close to the figure they found for non-twin pairs of brothers 
and pairs of sisters (1-77 inches). Secondly, by the correl- 
ation coefficients* between the two typ^s of twins; for the 

* The correlation coefficient is a measure of the degree to which both 
members of a pair resemble each other in their deviation from the 
average of the series. A correlation coefficient may vary from + 1 , which 
would imply that the deviations in each member of the pair were in the 
same direction and of the same relative amount, through 0, which would 
imply no correspondence between members of the pair, and — 1, which 
would imply correspondence in the amount of deviation, but in opposite 
directions. 
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identical pairs the correlation, when corrected for age, was 
+0-93 for the fraternal pairs +0-65, and for non-twin pairs 
of brothers and sisters +0 50. For unrelated pairs of indivi- 
duals the correlation coefficient would be 0, and so the 
correlation coefficients indicate a strong likeness for all three 
types of pairs, but it is much higher for the identical pairs 
than for the others. These findings for height differences in 
twins strongly suggest that genetic factors are important for 
height. The same type of comparisons may be used for 
other characteristics, such as weight, intelligence-test score, 
blood-pressure, and longevity. 

Identical twins reared apart 

In addition to the twin pairs reared together, Newman 
and his colleagues managed to assemble 19 pairs of identical 
twins who, because they were orphans, had been adopted 
and adopted into different homes. In many instances these 
were most valuable in providing examples of men and 
women with the same heredity, who had been brought up in 
contrasting environments. Sometimes the contrast was in 
education and social class, sometimes between town and 
country. In two pairs the twins had even been reared in 
different countries. One of each pair had been brought up in 
Canada, while the other twin of one pair was reared in 
America and of the other pair in England. 

The differences in height between these identical twins 
reared apart were little more than that for identical t^ins 
reared together, and it may reasonably be concluded that the 
environmental differences experienced had little influence 
on their height. It should be added that most of these 19 
pairs were fully grown. Within the twin pairs there was no 
tendency for the twins who had social, educational, or 
physical and health advantages to be the taller of the pair. 
There is good reason from other lines of evidence also to 
suppose that full adult height belongs to the group of 
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characteristics in which men and women differ, except in 
very exceptional circumstances, mainly because of genetic 
differences and not environmental ones (see Chapter 6). In 
contrast to stature, weight in the Chicago study was found 
to be much more dependent on environmental factors. The 
correlation coefficient for the identical twin pairs reared to- 
gether was high, +0-92, when corrected for age, and that for 
fraternal twin pairs reared together was +0-63, coriected 
for age. This indicates a strong genetic component in the 
determination of weight. The resemblance of the identical 
twins reared apart, however, was notably less, and within 
the twin pairs the twin with social advantages and even more 
the twin with physical and health advantages was the heavier. 

Table 1 shows correlations, corrected for age, for the 50 
identical and 50 fraternal pairs reared together, for height, 
weight, two intelligence tests, educational achievement, and 
a motor character, the speed at which they could tap. These 


Table 1 Tvs in cot relations 


I Jen t i cal Fratet nal 


Standing height 

- 0 93 

+0-65 

Weight 

+0 92 

+0 63 

Binet intclhgencc-test sv^ore 

0-86 

+0-60 

Otis intelligence-test score 

H 0-92 

+0-62 

Educational age 

-1 0-89 

-1 0-70 

Tapping speed 

0 69 

+0-38 


figures indicate a strong genetic element in the determination 
of each of these qualities. 

Difficulties in the interpretation of twin studies 

In theory, there are a number of difficulties which reduce 
the value of the twin method in determining the e.xtent to 
which hereditary factors are important in the development 
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of a particular characteristic or quality. One factor acting 
after birth is that identical twins tend to go about more 
together than fraternal twinss and so are more liable to the 
same environmental experiences. This will cause identical 
twins to resemble each other more than fraternal twins for 
non-genetic reasons. For most qualities this factor is not 
likely to be important, but it should be borne in mind. 

A possible factor acting before birth is that the com- 
munications between the blood streams of those identical 
twin pairs who have a common chorionic membrane might 
lead to one twin’s circulation interfering with that of the 
other. The observations on which this suggestion is based 
were made at the end of the last century and an interesting 
study now begun in Toronto will provide new information 
on its importance. In the study the afterbirths of twins are 
being examined and kept. The twins are being studied and 
it will be possible to see if, and in what ways, identical twins 
with a common chorion differ more than do identical twins 
with separate chorions. As regards physical growth, this 
factor is probably important only exceptionally, since, as 
shown in Chapter 6, a child’s genetic constitution is unim- 
portant for his birth weight, and so fraternal twins, with 
invariably separate chorions, are no more alike in their 
birth weight than are identical twins. 

A third factor, an interesting one, is that some degree of 
differentiation into left- and right-handedness may have 
occurred in identical twins before they separate. It was 
observed early in twin studies that left-handedness is un- 
usually common among twins. There has been some dis- 
agreement whether this is true of both types of twins or only 
identical twins, but it is probably more marked for the latter. 
In the Chicago series 39 of the 50 fraternal pairs were both 
right-handed, but only 30 of the 50 identical pairs were both 
right-handed. This is not a significant difference by itself, but 
is in general agreement with the findings in other series. 
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Similar evidence of asymmetry occurs in the direction of the 
lair whorl at the back of the top of the head, which is usually 
clockwise. In the Chicago series 44 of 49 fraternal pairs both 
lad a clockwise whorl, but only 27 of 47 identical pairs. 
Similar asymmetry has been observed in the finger and palm 
prints of identical pairs. It is noteworthy that these asym- 
netries are usually partial, and identical twin pairs who differ 
'or hand dominance do not necessarily differ for direction of 
lair whorl. Asymmetries are specially marked in identical 
wins who have never separated completely, so-called Siam- 
;se twins, and these twins show differences unusually large 
For identical twins in their general development. Asymmetry 
as a cause of difference i^ probably not important except 
For the qualities it affects directly such as hand and eye 
dominance. 

It will be noted that the two pre-natal factors mentioned 
will tend to reduce, and the post-natal factor will tend to 
increase the resemblance of identical pairs. But at the mo- 
ment there is no reason to suppose that any of these factors 
Interferes with the use of the twin comparison method in 
general, for determining whether there is an important 
genetic component for the development ot a characteristic. 
They may be important in the study of individual charac- 
teristics. 

What promises to be the most thorough of all large-scale 
twin studies has now been started in Denmark at the 
Institute of Human Genetics in Copenhagen, with the 
object of tracing every twin born there between the years 
1870 and 1910 and studying the illnesses they have ex- 
perienced. 

Twin studies, however, are only a first approach to 
understanding the hereditary factors which influence the 
development of a quality. They tell whether inherited factors 
are important or not, but little about the nature of the 
factors involved. To study the nature of the inherited factors 
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it is necessary to study the resemblances and differences 
within families, between parent and child, brothers and sis- 
ters, and between other relatives. 

Anyone who, like the author, studies twins m the course 
of his work is left \\ith the strong impression of the general 
importance of genetic factors m controlling a child’s de- 
velopment. 



CHAPTER 2 


Genes and Chromosomes 


Thf first scientist to put forward a satisfactory theory of 
the mechanism of inheritance was an Austrian monk, Gregor 
Mendel, of the Abbey of Brunn. He experimented with peas 
during the seven >ears from 1856 to 1863 in a strip of the 
monastery garden and published his work in 1866 in the 
ProLcedwi^s of the Bnmn Society J or the Study of Naturful 
Science. The value of his discoveries was not recognized at 
the time. Mendel discontinued his experiments and became 
head of the monastery. Only years after his death did scien- 
tists realize that Mendel should be regaided, with Galton, as 
one of the founders of the science of Genetics. 

Genes Lire in pciirs 

Mendefs general findings may be illustrated from those 
for the height of pea plants. He f mnd that a hybrid between 
a true-breeding tall strain and a true-breeding short strain 
was always a tall offspring; but that if two of these tall 
Inbrids were self-fertilized or crossed with each other one 
in four of the offspring, on the average, was short. He 
postulated that the tall strain had two hereditary factors for 
tallness, TT, and the short strain two hereditary factors for 
shortness, tt\ that the hybrids received one hereditary factor 
from each parent and had the genetic constitution Tt \ and that 
such a pea with one hereditary factor for tallness T and one 
for shortness t was as tall as one v\ith the genetic constitution 
TT. He postulated further that, when a plant forms germ 
cells, only one member of the pair of factors for height 
passes into the germ cell and that it is pure chance which it 
'is. Thus, a hybrid tall pea, with genetic constitution Tt, is 
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equally likely to form germ cells with the factor for tallnes 
T, or the factor for shortness t. (Hereditary factors are nov 
commonly called genes and the combination of genes that ar 
individual plant or animafpossesses is called iisgenotype.) The 
possible genotypes in the offspring of Tt plants, when self- 
fertilized, and the proportions in which they will be expected 
to occur, are as in Figures 2a and 2b. Figure 2a shows the 
transmission and recombination of the genes. Figure 2b shows 
how the types of offspring can conveniently be worked out 
from the types of germ cells by a chequer-board diagram. 
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2 Mendel’s derivation of genotypes from germ cells 


The peas with genotype Tt as well as those with genotype TT 
are tall and so the offspring of the self-fertilized Tt plant 
are J tall and short. With small numbers in a particular 
experiment the proportions of each type might well differ 
from this, but with large numbers they would be most un- 
likely to differ much ; just as when one tosses two pennies 
many times the combinations of two heads, one head and 
one tail, and two tails, are usually close to the proportion of 
i : i • i- The frequency of departures from the expected 
proportion of one in four short plants may easily be calcu- 
lated for any given number of observations by standard 
statistical procedures. For example, in the case of an ex- 
periment m which there were 1,000 offspring, the expected 
number of short plants is 250, and it can be shown that in 
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bnly about one batch in 20 will the number of short peas 
deviate from 250 by more than 28. In one of Mendel’s ex- 
periments there were 277 short plants out of a total of 1,064, 
which is only 1 1 away from the theoretical expectation, i of 
1,064, which is 266. 

Mendel then preceded to self-fertilize the short and tall 
plants, which were the offspring of his first generation 
crosses, and so produced a third generation. He found, as 
would be expected on his theory, that the short plants, all 
having genotype tt, when self-fertilized produced only short 
offspring: that about of the tall plants, those with geng^- 
type TT, produced only tall offspring; and that the other f 
of the tall plants, those with genotype Tt, produced tall and 
short offspring in the proportions | and i. 

Independent segregation of gene pairs 

Mendel further noted that in crosses between peas differ- 
ing in several characters, each controlled by a single gene 
pair, each gene pair segregated independently of the others. 
Thus, taking peas contrasting in two characteristics, a 
yellow, round-seeded strain with genetic constitution YYRR, 
and a green, wrinkled-seeded strain with genetic constitution 
yyrr, he crossed them to produce hybrids which were yellow 
and round-seeded, and genetically YyRr. On self-fertilizing 
these hybrids he found that the offspring were ^ yellow 
round, yellow wrinkled, green round, and green 
wrinkled. Mendel suggested that this showed that the 
segregation of the Y and y genes was independent of the 
segregation of the R and r genes. Four types of germ cells 
were formed YR, Yr, yR and yr, each with a probability of 
i. The chequer-board Figure 3 shows how Mendel’s theory 
explains the proportions of each type. It should be remem- 
bered that Yy as well as FT peas are yellow and Rr as well 
as JR/? peas are round. 

Mendel deliberately chose for study characteristics which 
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3 McndcPs theory that the genes lor seed eolour in 
hybrid peas ai e inherited quite separately from the genes i 

for setxl shape 

depended essentially on a single gene pair. But it is interest- 
ing that he gave the correct explanation for instances where 
inheritance appears more complex, as with flower colours in 
the garden bean. He suggested that in these instances, there 
were several gene pairs controlling the development of the 
characteristic and that it was not yet possible to recognize 
the influence of single gene pairs. Perhaps it was because 
it so often happens that a characteristic is influenced by 
several gene pairs that the value of Mendel’s hypothesis was 
not appreciated at the time. 

Mendel's work rediscovered 

In papers published in 1900, three botanists, De Vries of 
Holland, Correns of Germany, and Tscherraak of Austria,"^ 
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independently confirmed Mendel’s findings on peas and 
other plants and, during the course of their work, discovered 
that Mendel had preceded them by more than thirty years 
It IS perhaps remarkable that none of the medical profession 
had appreciated Mendel s work A number of pedigrees of 
rare human disorders had already been published showing 
patterns of heredity, which are at once explicable on Men- 
del's theory of the nature of inheritance The physicians 
however, unlike Mendel, had formulated no general theory 
of inheritance. 

The mechanism of inheritance - chiomosomes 

The mateiial basis of Mendclian mhentance was dis- 
covered by expert use of the microscope between the time of 
Mendel’s own work and its rediscovery in 1900 The cells 
of living organisms, with a few exceptions, consist of an 
outer membrane enclosing a mass of jelly-like material 
known as 'cytoplasm ’ with a darker-staining structure with- 
in the cytoplasm known as the nucleus’ The outer cell 
membrane separates one cell from another, and within the 
cell a nuclear membrane separates the contents of the 
nucleus from the cytoplasm The structures concerned with 
inheritance lie largely within the nucleus This is show n by the 
finding, noted by Mendel, that the male contribution to in- 
heritance is as great as the female although the sperm cell is 
composed almost entirely of nucleus while the egg cell con- 
tains much cytoplasm as well as nucleus In addition, in 
animals such as the sea urchin, it is possible to fertilize an 
egg cell from which the nucleus has been removed, with the 
sperm cell of another species In these experiments it was 
found that development is towards the form contributing the 
sperm cell and nucleus, rather than the form contributing 
the egg cell and cytoplasm. 

Within the nucleus, darker-staining material, known as 
y'* chromatin’, is visible as fine, tangled threads, but before 
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the cell divides the chromatin contracts into a number of 
bodies known as ‘chromosomes’. The number of these 
chromosomes is constant for each species. Early counts in 
man gave a figure of 48 chromosomes, and this is the number 
in man’s near relatives, the gorilla, chimpanzee, and orang- 
utan, but in 1919 a Javanese, Tjio, and his Swedish colleague, 
Levan, showed that there were 46. This was confirmed by 
two British workers. Ford and Hamerton, from the Atomic 
Energy Research Establishment at Harwell. A photograph 
of the human chromosomes is shown in Plate 2a. 

In 1902 the American, Sutton, and the German, Boveri, 
pointed out independently that the behaviour of the chromo- 
somes in germ-cell formation and fertilization very closely 
fitted Mendel’s principles of inheritance. Cells divide in the 
course of bodily growth and development, but the nucleus 
divides in two before the cell divides. Before this nuclear 
division each chromosome in the nucleus divides longitudin- 
ally and one half passes into each division of the nucleus and 
so into each daughter cell. Each of the two new cells con- 
tains a nucleus with a full complement of chromosomes, 46 
in human beings. But when germ cells are formed the pro- 
cess differs. Here there are two divisions of the nuclei of the 
germ-forming cells, but only one division of the chromo- 
somes, so that the sperm cell and egg cell each contain only 
23 chromosomes. In sperm-cell formation the cytoplasm di- 
vides as well as the nucleus so that four sperms are formed. 
In egg-cell formation the cytoplasm does not divide and all 
but one of the daughter nuclei are extruded. The difierences 
between ordinary body-cell and germ-cell formation are 
illustrated in Figure 4 for a single pair of chromosomes. 

The reduction of the number of chromosomes in germ- 
cell formation is orderly and regular, in that the 23 chromo- 
somes in a human sperm cell (or egg cell) include one, and 
it is pure chance which one, from each of the pairs of 
chromosomes present in the man or woman forming the ' 
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4. The behaviour of a single chromosome pair in cell division 


germ cell. Upon fertilization, which consists of the entry of 
the sperm into the egg cell and the fusion of the two nuclei, 
a fertilized cell is formed, known as a ‘zygote’, which once 
more has 46 chromosomes. These consist of 23 pairs, one of 
each pair being derived from the male parent through the 
sperm and the other from the female parent through the 
egg cell. This zygote then grows by cell division to form first 
the embryo, then the infant, the child, and ultimately the 
adult. In each of these cell divisions the daughter cells receive 
the full complement of 46 chromosomes. When the child 
grows into an adult and itself forms germ cells, these once 
again contain only 23 unpaired chromosomes. 

Linkage between genes on the same chromosome 

As Sutton noted, if one assumes that the hereditary fac- 
tors (or ‘genes’) lie on the chromosomes, the behaviour of 
T-b 
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.these chromosomes explains Mendel’s findings, with one 
Important exception. TTiis is that there are only a limited 
number of chromosomes in each species of animal or plant. 
Genes on the same chromosome would not segregate in- 
dependently, but would tend to be inherited together. Such 
‘linked’ inheritance was soon found to occur, by Bateson 
and Punnett in sweet peas at Cambridge in 1905. Linkage has 
been most fully studied in the fruitfly. Drosophila, by the 
American, Morgan, and his colleagues. This little insect- is 
easily bred and breeds very fast. Experiments on an enor- 
mous scale showed that there were 4 linkage groups corres- 
ponding to the 4 chromosome pairs found in the fruitfly. 

Mapping the position of genes on the chromosomes 

Morgan and his colleagues also found that linkages are 
often broken and that the frequency of these breaks could 
be used to map the approximate relative positions of genes 
on the chromosomes. The physical basis for these breaks in 
linkage is that in the process of germ-cell formation the two 
adjoining halves of the two members of a chromosome pair 
twine round each other and may exchange segments. This 
process, known as ‘crossing-over’, may separate genes in 
the exchanged segment from the remainder, as illustrated in 
Figure 5. 

Genes which are situated close together on the same chromo- 
some, like Y and Z in the diagram, will seldom be separated 
by crossing-over; usually either both or neither will be in the 
exchanged segment. 

Systematic studies of cross-over frequencies between 
linked genes in the fruitfly enabled Morgan and his col- 
leagues to build up detailed maps of the relative positions of 
the genes on each of the 4 chromosome pairs, and whenever 
a new gene is discovered in this insect it is possible quickly to 
find its position relative to other genes on the same chromo- 
some pair. In recent years some interesting direct confirma- 
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tion of the gene maps in the fruitfly has come from 
experimentally fragmenting chromosomes with large doses 
of X-rays to the germ cells. In this way portions of chromo- 
somes may become lost, and, where the offspring live and 
develop, the effect of the missing genes may be seen. 



5. The way in which genes originall> on the same chromosome may be 
separated by ‘crossing-over’ during germ-cell formation 

Linkage in Man 

In human beings, with 23 chromosome pairs and the long 
interval between generations, the search for linkage is in- 
evitably slow. The first probable linkage other than for genes 
on the sex chromosomes was reported by Mohr of Norway 
in 1919 between two of the many genes controlling the blood 
groups, the two called Lewis and Lutheran. Two certain 
examples have been discovered recently by Lawler and her 
colleagues in England of linkage between two physical 
abnormalities and blood-group genes. In one case the 
physical abnormality is an oval shape of the red blood cells 
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(illustrated in Plate lb) and the linkage is with the genes^. 
lesponsible for the Rhesus series of blood types (see Chapter 
4 for an account of the Rhesus types). One of these families 
is illustrated in Figure 6 and it Will be seen that in this family 
all those with oval red cells (shown as ■ or • in the diagram) 
who were blood-grouped also have the gene for the blood- 
group substance R 2 , often called cde (see Chapter 4). 
In family trees such as Figure 6, it is usual to block in the 
symbols for those who are affected and to refer to indivi- 
duals by their generation and number from the left, for ex- 
ample the affected girl at the left-hand bottom corner of the 
pedigree is iii 1. 



ion- generations ■ - male affected 

□ - male unaffected • • - female affected 
O*" female unaffected n I - children of marriage 
I I - marriage bar (links married couple) 

6. Part of one of Goodall, Hendry, Lawler, and Stephen’s 
families with oval red blood cells 


In the other example the abnormality affects the nails and 
kneecaps, and the linkage is with the genes controlling the 
ABO blood groups (for which see Chapter 4). One of these 
families is illustrated in Figure 7; it shows that those who 
have the nail and knee abnormality (shown as ■ or •) also 
have the gene for the blood substance b. 
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There are no cross-overs in the two families illustrated, but 
crossing-over does occur in other families, and provisional 
estimates of cross-over values are now being made for these 
two linkages. These will become more precise as more 
families are found with these abnormalities. It is important 
to note that linkage is primarily between the position of 



A. B, and O - A B O blood group substance 

7. Part of one of Renwick and Lawler’s fanulies with 
abnormalities of the nails and kneecaps 


genes on the chromosomes, called ‘gene-loci’, and not 
between genes. In the second family illustrated above (Fig- 
ure 7) the gene for the abnormality of nails and kneecaps 
segregates with the gene for blood-group substance B. In 
other families in which the abnormality occurs, the linkage 
is with one of the alternative genes at the abo gene-locus. A 
particular blood-group substance and the abnormality occur 
in association within a family; but a cross-over will alter the 
future association within that family, and there is no cor- 
respondence between different families. An association be- 
tween two characteristics in the general population should 
not be attributed to linkage; only an association within 
individual families can be caused by linkage. 

In time it will be possible to draw up maps showing the 
positions of genes on the human chromosomes, but these 
will not be complete for at least a century and perhaps much 
longer. 
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Common terms 

It is convenient here to introduce, or to remind readers of, 
some terms which will be used in the rest of the book. 

An individual’s genetic constitution is called his genotype. 
His actual appearance, which is the product of his genotype 
and the environment he has experienced, is called his ‘pheno- 
type’. The site of a gene on a chromosome is called a 
gene-locus. Alternative forms of a gene, which may occur 
at a single gene-loeus, are called ‘allelomorphs’ or ‘alleles’. 
An individual animal or plant with the same allele on each 
member of the chromosome pair, for example a pea with 
genes for height T and T, is said to be ‘homozygous’ for this 
gene-locus, the corresponding noun being ‘homozygote’. 
In contrast an individual with two different alleles at the 
coiTesponding gcne-locus of the chromosome pair is said to 
be ‘heterozygous’ for that gene-locus or a ‘heterozygote’. 
Where the phenotype of the heterozygote cannot be dis- 
tinguished from that of one of the two homozygotes, as with 
height in the pea, where the plant with the genotype Tt is 
as tall as the plant with the genotype TT, then the allele T 
is said to be ‘ dominant’ to t, and tto be ‘ recessive ’ to T. 

In proposing symbols for genes it has become the practice 
in recent years to use a symbol with a capital letter for the 
gene locus and a small superscript to distinguish the allele, 
for example Lc" and Le’’ for the two producing the Lewis 
substances in the red blood cells. 

How genes function 

A remarkable amount, especially in the last decade, has 
been discovered about the ways in which genes carry out 
their functions by scientists studying the genetics of micro- 
organisms, such as bacteria and viruses. The first step, 
however, was taken by an English physician, Garrod, who 
in 1908 gave a series of lectures. Inborn Errors of Metabol- 
ism, in which he described a number of illnesses in children 
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which behaved as if they were due to Mendelian recessive 
genes. Each of these conditions appeared to be due to an 
inborn incapacity of the body to carry out one of the 
normal chemical processes. It is known that many chemical 
processes in living tissues do not take place, or only take 
place slowly, unless a special chemical compound is present, 
which greatly accelerates the reaction. These accelerating 
substances are known as ‘enzymes’ and chemically they acfi. 
proteins. Garrod’s concept was that specific enzymes were 
missing in the conditions studied and that as a result of the 
enzyme-lack certain chemicals, which normally would hatte 
undergone further change, accumulated in the tissues, then 
in the blood, and finally spilled over into the urine. This 
concept of Garrod’s that genes normally control the pro- 
duction of the enzymes has proved most fruitful. 

It was the spilling over of blocked chemicals into the 
urine which enabled them to be picked up in Garrod’s day; 
but now the technique of examining the chemistry of the 
blood and also of staining cells themselves to show their 
chemical constituents is much advanced. Some illnesses 
are known in which the enzyme-lack can be shown to lead to 
the accumulation of a chemical within the cells of a tissue, 
with perhaps little rise in the level of the substance in the 
blood and no spill over into the urine. It will probably prove 
to be an over-simplification to say that each gene is respon- 
sible for the production of one particular protein, often an 
enzyme, but it is a useful approximation to the truth. 

One of Garrod’s examples is a rare condition known as 
alcaptonuria, which is due to a recessive gene. In men and 
women with this abnormality the urine turns black on stand- 
ing, due to the presence of a chemical known as homogen- 
tisic acid which is gradually changed by the presence of 
oxygen in the air to a black compound. Homogentisic acid 
is, Garrod suggested, a normal stage in the breakdown of 
two of the aminoacid constituents of protein-containing 
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foods, fAenylalanine and tyrosine. Phenylalanine found in 
i^eat gmd other protein food is formed into tyrosine and then 
rtiis tyrosine, toother with directly ingested tyrosine in 
excess of the body’s needs, is converted to homogentisic 
add. Most men and women can break down homogentisic 
add to carbon dioxide and water and even if they are fed 
with laige amounts of phenylalanine or tyrosine none ap- 
pears in the urine. Alcaptonuric men and women, however, 
excrete most of a large dose of either of these two amino- 
adds as homogentisic acid, and Garrod suggested that they 
lacked the enzyme responsible for breaking down homo- 
gentisic add. This idea is still held to be valid, though an 
alternative explanation is also being considered: that the 
essential abnormality in affected men and women is in the 
kidneys - that these rapidly excrete any homogentisic add 
present in the blood plasma so that no further breakdown 
can occur. Apart from the unne turning black there are no 
signs of this disease in childhood, but later in life the 
teeth and the cartilages of the ear may be blackened, and 
osteoarthritis (joint inflammation due to degeneration of 
bone) may develop. 

Another example of an inborn error of phenylalanine 
metabolism, not known to Garrod, has been particularly 
well studied in man. The disorder causes mental deficiency, 
is known as phenylketonuria, and is due to a recessive gene. 

It was first recognized by a Norwegian doctor. Foiling, in 
1934. The great majority of these patients have a level of 
mental performance normally found in children of only half 
their age or less. They may be distinguished from other men- 
tally handicapped children by testing their urine. This gives 
a green colour reaction with a solution of ferric chloride, due 
to the presence of derivatives of i^enylalanine. Children 
affected by phenylketonuria are not able to convert pheny- 
lalanine into tyrosine and are only able to break it down to 
a limited extent. Why this should produce mental deficiency 
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is &ot certain, but probably some of tiie incomplete break- 
down products of phenylalanine are poisonous to the ner- 
vous system. Since phenylalanine is not an essential article 
of diet, r*rovided that tyrosine is present, it is possible to feed 
these children on a diet almost free of phenylalanine. Only 
a few have been treated in this way, but early results suggest 
that the degree of mental deficiency may be reduced, if the 
diagnosis is made and treatment is begun in the first few 
months of life. There is no question here of the alternative 
explanation suggested for aJcaptonuria, unusually rapid 
excretion by the kidney. The enzyme has been shown to be^*. 
absent in pieces of liver tissue removed during operations 
on these patients, whereas pieces of hvcr tissue, removed in 
the study of other types of liver disease, break down pheny- 
lalanine readily. 

Chemical nature of the gene 

A mass of work since, on many different varieties of animals 
and plants, both large and small, has fully confirmed the 
concept that genes control the pr«'duction of proteins and 
that often these proteins are enzymes which speed chemical 
processes in the cell. Genes, then, have two special proper- 
ties: the ability to reproduce themselves and the ability to 
produce proteins. In recent years chemical analysis and X-ray 
study of chromosomes, mainly in the Cavendish laboratory 
at Cambridge, have given some insight into the chemical 
structure of chromosomes and the way in which this 
structure is related to self reproduction and protein function. 

The basic chemical compound of which chromosomes, and 
therefore genes, are made is deoxyribonucleic acid (DNA for 
short) joined to protein. Studies in bacteria show that it is the 
DNA which has genetic specificity. DNA is made up of 
chemical units consisting of a base (such as adenine or 
guanine) and a sugar (deoxynbose), the units being linked to 
4each other by phosphate as shown in Figure 8. There is, then. 
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a sugar-phosphate backbone to which bases are attached. 
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8. Constituents of deoxy- 
ribonucleic acid 


In the chromosomes only the bases differ between one 
species of animal and another, and the proportion of each 
type of base in one species is constant, suggesting that there 
is a pattern in the sequence of bases in DNA. Each specific 
type of D N A contains only four different bases, but there are 
innumerable sequences in which these four may be arranged. 

There is evidence that D N A in chromosomes is in the form 
of a double chain. The chains run in opposite directions and 
are coiled round each other in the form of a double spiral, but 
are linked by the bases. Each chain contains the same four 
bases in the same sequence, but one runs downward and the 
other upward, and the same two bases are always attached to 
each other as shown in Figure 9 - base 1 is always linked with 
base 2 and base 3 with base 4. 
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9. Structural formula of deoxyribonucleic acid 
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The way in which genes reproduce themselves is thought to 
be that the two chains uncoil and separate, and each half 
attracts to itself, from the surrounding medium, the units to 
reconstitute an opposite chain. Thus, in the illustration the 
segment with the sequence of bases 1, 2, 3, 1, 2 would attract 
a segment with bases 2, 1, 4, 2, 1, and the segment with the 
bases 2, 1, 4, 2, 1 a segment with bases 1, 2, 3, 1, 2. 

The way in which DNA is able to produce enzymes and 
other proteins is probably kss simple. Proteins are composed 
of chains of aminoacids in regular patterns analogous to that 
of DNA itself. Once again there is a constant grouping 
through which the aminoacids are linked and a component 
which will vary from one aminoacid to another. The con- 
stant grouping is the structure 

COOH 

C<. 

\NH. 

in which C represents an atom of carbon, H an atom of 
hydrogen, N an atom of nitrogen, and O an atom of oxygen. 
Two aminoacids join by the acidic COOH grouping of one 
combining with the basic NH 2 element of the other. 


Thus: Ri 



NH. 

COOH 


and R, - C<^ 


NH2 

COOH 


becomes 


/NH, 

R, - C< 

^CO 

/NH 

R..- 

''COOH 


In any one link in the chain there may be up to twenty com- 
ponents of the type we have shown as R. This pattern is not 
unlike that of D N A and it is understandable that DNA could 
act as the template on which enzymes and other proteins are 
formed from the surrounding medium. In fact, however, 
there are intermediary substances. As a result of activity of 
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the chromosomal DNA within the cell nucleus, chemical 
messenger substances are formed which diffuse out of the 
nucleus into the cytoplasm. The messenger molecules are 
composed of ribose nucleic acid (RNA), and are chemically 
similar to the DNA of the chromosomes but do not have a 
definite chain-structure. The messengers carry instructions 
to permanent bodies in the c)^oplasm causing them to form 
the specific protein coded by the chromosomal DNA, and 
are destroyed in the process. The permanent bodies in the 
cytoplasm are called ribosomes and also contain RNA. 
The probable mechanism is that the messenger RNA 
molecules combine with individual types of ammoacid and 
then align themselves along the nbosomes. This allows the 
attached aminoacids to be joined together to form proteins. 
The aminoacid sequence and therefore the type of protein 
is determined by the specificity of the RNA messenger 
molecules. The particular aminoacid that is picked up by 
the messenger RNA will depend on the sequence of bases 
in the RNA molecule, and this in turn depends on the se- 
quence of bases along the chromosomal DNA. 

Breaking the genetic code 

Late in 1961 workers from America reported that on adding 
a synthetic RNA, all of whose bases were uracil, to a system 
of broken-up bacterial cells, a protein precursor was formed 
made up of the single aminoacid phenylalanine. Early in 
1962 Crick and his colleagues at the Cavendish laboratory re- 
ported evidence that the basic unit of DNA, which ‘codes’ 
one ammoacid, is a sequence of three of the four possible 
bases. They studied gene mutations in a virus which attacks 
the bacterium Escherichia coli. These mutations involve the 
addition or deletion of a single base. The addition of one 
base destroys the function of the gene; the addition of a 
second leaves the gene still functionless; but the addition of 
a third largely restores the function of the gene. This is- 
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understandable if the sequence is of three bases and if the 
sequence starts from a fixed point. 

If the natural sequence is 123123 123.,.. 

the effect of adding one base, which 
we will call A, is A 1 2 3 1 2 3 1 2 ... . 

the effect of adding a second base, 
which we will call B, is A B 1 2 3 1 2 3 1 ... . 

the effect of adding a third base, 
which we will call C, is ABC 123 123. . ,. 

Thus the natural sequence 1 2 3 is re-established with the 
addition of the third base, and with it the function of the'^ 
gene. Crick and his colleagues concluded, therefore, from 
the American experiment that a sequence of three uracil 
bases is the genetic code for the aminoacid phenylalanine. 
Other RN A molecules with a known sequence of bases may 
be synthesized and added to cell-free bacterial extracts. If 
they too produce other proteins made of a single amino- 
acid, there is reasonable hope that much of the code for 
individual aminoacids will be discovered in the next year 
or so. It is interesting that a sequence of three bases is the 
least that could code all the twenty different aminoacids 
found in proteins. A sequence of two out of four possible 
bases would only give four times four, that is sixteen, 
possible combinations. A sequence of three gives sixty-four 
possible combinations and so the code is probably ‘degener- 
ate’ in the sense that one particular aminoacid can be coded 
by more than one sequence of bases. 

These are exciting developments. It is probable that the 
code will prove to be much the same in all living organisms 
from viruses to man. Dreams of a direct attack on human 
DNA to correct genetic abnormalities no longer seem 
entirely impractical. 



CHAPTER 3 


The Sex Chromosomes 


A normal variation due to one pair of chromosomes 

f 

Normal inherited differences between one person and 
another are due to differences in the genes which they 
possess. Such gene differences usually involve very small 
sections of a chromosome. The essential genetic difference 
between male and female, however, is a difference of a whole 
chromosome. Microscopists have no difficulty in grouping 
the 46 chromosomes in women into 23 matcliing pairs, the 
two members of each pair being very much alike in size and 
shape. In men 44 of the 46 chromosomes may be grouped 
in 22 matching pairs, leaving two chromosomes which bear 
no resemblance to each other. One is a large chromosome, 
known as the X chromosome, closely resembling each of a 
pair of chromosomes in the female, which are about the 
seventh pair in descending order of size. The other is a very 
small chromosome, about the same size as the chromosomes 
of the two smallest pairs, and is known as the Y chromosome. 
This is illustrated in Plate 2b. A woman, therefore, is said 
to have two X chromosomes, and has the genotype XX, 
while a man has the genotype XY. 

By a mechanism as yet unknown, the presence of an XY 
pair leads, in early foetal life, to the differentiation of the 
primordial sex gland into a testis. This is followed by the 
development of the male sex organs and other male sex 
characters. The presence of an XX pair, on the other hand, 
leads the primordial sex gland to develop into an ovary, and 
this is followed by the development of the female sex organs 
and other female sex characters. The X and Y chromosomes . 
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are called sex chromosomes, and the remaining chromosomes 
are called, in distinction, autosomes. 

The father’s germ cell determines sex 

The XX and XY chromosomes behave at germ-cell forma- 
tion and fertilization like other pairs, and the sex of a child 
is determined essentially by whether the father transmits his 
X or his Y chromosome. The mother having two X chromo- 
somes, can only transmit an X chromosome. This is repre- 
sented in Figure 10. 
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10. (a) Sex detemiination (b) Sex determination in chequer-board form 


Sex ratio 

It will be seen that by this mechanism any child would have 
an even chance of being a boy or a girl. It is an unexplained 
puzzle that this is not quite what actually happens. There 
have been about 106 boys born alive for every 100 girls in 
recent years in England and Wales; the younger the parents, 
the greater the excess of boys. Among still-bom children the 
male preponderance is even greater, in recent years about 
110 boys to 100 girls; and study of foetuses lost by mis- 
carriage suggests that a similar excess of boys is present 
at least from the third month of pregnancy. Since the death- 
rate in boys and men is higher than that in girls and women 
the male excess gradually disappears. The sexes are now 
numerically equal by about the age of thirty-three and by 
the age of seventy-five and over there are only 54 men to 
(every 100 women. 
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Sex linkage 

Because the X chromosome is much larger than the Y 
chromosome, for many genes on the X chromosome there are 
no corresponding genes on the Y chromosome. This leads 
to special patterns of inheritance, particularly with recessive 
genes. A woman with such a gene on one X chromosome 
only will not be affected by it, just as individuals heterozy- 
gous for a recessive gene on one of the other chromosomes 
arc unaffected. But a man or boy with such a gene on his X 
chromosome will have no normal alternative gene, on his 
Y chromosome and will, therefore, be affected by it. Genes 
on the X chromosome are called sex-linked. 

A well-known example of a condition due to a sex-linked 
gene is haemophilia. There are many varieties of disorder of 
the clotting mechanism of the blood. One of these is classical 
haemophilia, sometimes called haemophilia A, in which one 
specific component of the protein in the liquid part of the 
blood, the blood plasma, is missing. The disease is normally 
found only in males, and if one asks about the family history, 
one not uncommonly finds that an uncle of the mother or a 
son of a sister of the mother is also affected. Less commonly, 
since haemophilia is a considerable handicap, and not many 
affected men have children, one finds that the mother’s father 
was affected. A type of pedigree commonly found in haemo- 
philia is shown in Figure 1 1 and alongside the pedigree are 
shown the corresponding sex chromosomes; the X chromo- 
some with the gene for haemophilia is marked with a bar 
over it. 

Where a condition is due to a gene on the X chromosome 
a man cannot transmit the condition to his son, since he 
transmits his Y chromosome and not his X chromosome to 
his son. If, for ex«|nple, a haemophiliac man had children, 
all his sons would normal, and not transmit the condition ; 
but all his daughters would be carriers. This can be seen 
from Figure 12. 



THE SEX CHROMOSOMES 


49 


5< 5cy 50t)W 

I r ^ i 

V 

© Rx - earner female 
■ 5?y - affected male 
O XX - female 
□ xy - nrmie 

11. The inhentance of haemophilia 
Mother's germ cells 


a ^ 

(i)X 

a)x 

Si (y)x 

(l)xx 

(i)5cx 

s 

c9riiot girt 

carrior girl 

tS (i)Y 

(i)XY 

(i)XY 


normal boy 

normal boy 


1 2. The children of a haemophihac man 



The upper squares are carrier girls and the two lower 
squares normal boys. When the haemophiliac man’s daugh- 
ters come to have children, half their sons will be affected 
and half their daughters carriers, as can be seen in Figure 13. 
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13. The children of a carrier woman 
(haemophilia) 
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The family tree of the descendants of an affected man are 
therefore likely to be as in Figure 14. 



14. The descendcrUs of a haemophiliac man 


It is not impossible for a girl to have haemophilia, and two 
examples have been described recently in this country J but 
to have the disease the girl must be homozygous for the 
recessive gene. Such a genotype can be produced if an 
affected man is unlucky enough to marry a woman who is 
a carrier. The possible children, then, are affected girls, 
carrier girls, affected boys, and normal boys, each with a 
probability of one in four, as may be seen from Figure 15. 
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15. The children of a haemophiliac 
man and a carrier woman (hae- 
mophilia) 


If a haemophiliac woman marries and has children one 
would expect all her sons to be affected and all her daugh- 
ters to be carriers, since all a haemophiliac woman’s egg 
cells will contain an X chromosome with the gene for 
haemophilia. 

Queen Victoria was a carrier of haemophilia, and her 
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carrier daughters introduced the gene into the Russian and 
the Spanish royal families. Her son King Edward VII did 
not inherit the gene so could not transmit it to his descend- 
ants. 

Linkage with the Y chromosome 

In man the Y chromosome is short and so one would not 
expect it to carry many gene-loci. In theory an unusual 
character determined by a gene on the part of the Y chromo- 
some which is unmatched by the X chromosome would give 
a very characteristic family tree. Once the character has 
appeared, all the subsequent male descendants would»,be 
affected in the same way, since a man always transmits his 
Y chromosome to his son and with it the gene for the 
character. A much-quoted example was that of the ‘Porcu- 
pine Men’. These were men with a striking thickening and 
blackening of the skin. The first affected man was bom in 
Suffolk in 1716. The story was that all his six sons were 
affected and that all the direct male line of descent for four 
further generations, but no women or girls, were similarly 
affected. Recently Stern from America and Penrose in 
England have re-examined the evidence after an exhaustive 
search of the parish registers. They found that there were 
almost certainly unaffected males in the pedigree and possibly 
affected females. Probably, in this family, as in others in 
which the same condition has occurred, the abnormality was 
due to a dominant gene. Further details of this family and 
the correct pedigree are shown in Chapter 8. There are prob- 
ably no certain cases of F-liniced inheritance yet known, 
though some will almost certainly be found. 

Sex-limitation 

A situation which is often confused with X-chromosomal 
sex-linkage is sex-limitation. In sex-limitation the condition 
is also, for practical purposes, confined to males, but the 
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reason is not sex-linkage but that the genotype only mani- 
fests itself in males. 

An example of this is a common form of premature bald- 
ness, which runs in certain families. This is due to a domin- 
ant gene which has an effect only on men. Women can inherit 
it from their fathers and transmit to their sons, but do not 
show it themselves. The distinction from sex-linkage, where 
the gene concerned is on the X chromosome, is readily made 
by the fact that in sex-limitation, but not sex-linkage, men 
can transmit the condition to their sons. The family patterns 
one finds are as in Figure 16. 
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16. Family patterns in sex-lunited inheritance 
The early recognition of sex 

The sex of a child can be recognized as early as the 
eleventh week of foetal life by microscopic exammaton of 
cells withdrawn from the amniotic fluid surrounding the 
foetus. The withdrawal of fluid involves some risk and so 
should not be done without good reason. 

Sooner or later it is probable that parents will be able to 
choose the sex of each of their children. The sperm carrying 
the X chromosome must be different in several ways frem 
that carrying the Y chromosome. In expenmental animals 
claims have already been made for some success in separat- 
ing sperms electncally, though these have not yet been fully 
confirmed. 


CHAPTER 4 


Blood Groups and Plasma Proteins 


The genetic basis for most normal human variation is not 
likely to be simple. A child’s growth will depend for most 
characteristics on the satisfactory functioning of many 
chemical processes, each under independent genetic coniroL 
It will not be easy to recognize the influence of individual 
genes without sensitive chemical tests. Blood is an excepting^ 
tissue in that it is easy to collect specimens repeatedly for 
chemical analysis, and at present the blood system is the only 
one for which we can detect the action of many single genes 
through the substances they directly produce. With other 
characters the normal variation we notice is usually the 
massed secondary effects of many genes and this is discussed 
in Chapter 6. However, recent developments in tissue culture, 
whereby a very small specimen of tissue can be freely grown 
in the laboratory, will make it much easier to analyse other 
tissues such as liver, bone, or muscle in the future. A fairly 
full account of blood group genetics is given in this chapter 
because they illustrate the amount of detail we may hope to 
have in time for other systems. 

Blood is composed of two mam parts: cells and liquid. 
The cells are red (see Plate la) or white (see Plate lb, left 
of centre), the red containing the oxygen-carrying pigment, 
haemoglobin. The liquid part, known as plasma, contains a 
great variety of chemicals in solution and is the means by 
which salts, food, hormones, and the proteins conferring 
immunity to infection are transported from one organ to 
another (see Figure 17). Our most detailed knowledge is of 
the inheritance of the chemical substances in the envelope of 
the red blood cells which determine the ‘blood group’. 
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Something is known about the inheritance of variations in 
the haemoglobin inside the red cells, but the variations are 
not, perhaps, normal and will be discussed later. Something 
too, is known about the heredity of normal variations of the 
proteins in the plasma. 


BLOOD 



Red Cells White cells Clotting Anti- Other proteins (hapto- 
protelns bodies globins, beta-globullns, 
etc), fats, sugars, salts 

BLOOD CLOT 

SERUM ! 

17. The constituents of blood 


Blood transfusion 

The blood-group substances which are of greatest practical 
importance in medicine are those determining the abo types 
and the Rhesus types. One of the medical services of which 
Britain is justly proud is the National Blood Transfusion 
Service. Large numbers of adults regularly and voluntarily 
give a pint of their blood to the service, and this blood is 
then supplied to hospitals as the need arises. Blood trans- 
fusion is not only important in the treatment of casualties, 
but it has made possible a whole series of new operations, 
for example operations on the heart itself. 

When a blood donor goes for the first time to give a dona- 
tion, a few drops of blood are taken from his finger, and his 
ABO group is determined. Later his Rhesus group is also 
determined. The medical services then know for which 
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patients the donor’s blood may safely be used, though it is 
also the practice, whenever time permits, to have a direct 
check of some of the red cells from the donated blood 
against the serum of the patient. 

ABO system 

Three of the abo groups wee first described from Austria 
by Landsteiner in 1900 and the fourth was discovered in 
1902. The groups are a, b, ab, and o and the chemical sub- 
stances in the envelopes of the red cells which determine the 
groups .are called A, b, ab, and o substances. These sub- 
stances belong to the group of chemicals known as muw- 
proteins and are made up of sugars and aminoacids. The 
importance of the a, b, and ab substances for blood trans- 
fusion is that men and women who do tiot possess a par- 
ticular one of these substances in their own red cells have 
an antibody in the liquid part of their blood, the plasma, 
which will combine with that substance in foreign red cells 
introduced by transfusion. This causes the cells to clump and 
be destroyed. It was this reaction which made transfusion 
too unreliable to be used in medical practice before 1900. 
Sometimes it worked, but only coo often the donor’s red 
cells were clumped and destroyed by antibodies in the 
patient’s plasma. This not only made the ti ansfusion useless, 
but sometimes led to the death of the patient. 

In practice, in testing for the substances in red cells it is 
usual to use serum rather than plasma. Serum is the liquid 
left after blood has clotted. It differs from plasma in that not 
only are the cells removed in the clot, but also those of the 
plasma proteins which are involved in clot *'ormation. The 
blood group antibodies, however, are left in the serum, and 
a serum containing such antibodies is known as an anti- 
serum. 

In testing the abo group of a donor, a drop of his blood is 
first tested with a strong anti-A serum. If the donor’s cells 
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are clumped by this serum, this is called a ‘ positive reaction ’ 
(sliowD as + in Figure 18) and means that the donor belongs 
to group A or group ab. Then another drop of his blood is 
tested with a strong anti-B serum and, if this serum clumps 
the cells, it means that the donor belongs to group B or ab. 
Accordingly, if neither serum clumps his cells, then the 
donor belongs to group o; if both sera clump his cells he 
belongs to group ab; if only anti-A clumps his cells he 
belongs to group a; if only anti-B clumps his cells he belongs 
to group b. This is illustrated in the chequer-board Figure 
18 . 
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18. Reaction of cells with anti-A and 
anti-B sera 


Group A individuals have an a substance on their cells, group 
b individuals a b substance. Group ab individuals have a 
substance which is probably more than a mixture of a and b 
substance, but gives the reaction of such a mixture. Group 
o individuals have neither a nor b substance. In their serum 
o individuals have anti-A and anti-B, a individuals anti-B, b 
individuals anti-A, and ab individuals neither anti-A nor 
anti-B. 

ab patients can receive blood from the individuals of any 
group, but o patients can only receive blood from those who 
are also group o; a patients can receive group o or a blood; 
b patients can receive o or b blood. 
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Studies of the inheritance of the abo groups have dear- 
cut results, which again can be summarized in chequer-board 
form in Figure 19. The children's groups are shown in the 
squares. 
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19. The inhentance of the abo blood groups 


Thus a father and mother who are both group o are found 
only to have o children, and group B children are only 
found in families where father or mother is group B or ab. 
One of the early theories to explain these findings was that 
there were two pairs of genes concerned. A gene called A 
responsible for the production of substance A and an allele 
(alternative gene) producing no substance which one might 
call a, and a second separate pair at another g.:ne locus with 
A, the gene producing substance b, and an allele producing 
no substance which one might call b. This system would give 
A, B, AB, and o individuals, the o individuals being those who 
have the genotype aabb and in whom no antigen is produced, 
A individuals being A Abb or A abb, and b individuals being 
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aaBB or aaBb. It would explain some of the genetic findings, 
for example that an A x B mating could produce A, B, or o 
children, provided that both the a and B individuals con- 
cerned also carried the alleles a and b. This is shown in 
Figure 20, with the children’s groups and genetic constitu- 
tions in the squares. But this hypothesis does not explain, for 
example, the finding that an ab X o mating produces only a 
and B, and no o children. 
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20. Children of an A(Aabh) parent 
and a n(aaBh) parent on the two 
locus theory 


A better hypothesis to explain the genetic findings was put 
forward independently by Bernstein of Germany and Furu- 
hata of Japan in 1927. They suggested that only one pair of 
genes was concerned in each individual and that there were 
three alleles which this individual might possess ; gene A pro- 
ducing substance a, gene B producing substance b, and gene 
O producing nothing. This hypothesis is satisfactory except 
that the third gene is probably producing an o substance, 
since one team has found a serum which will agglutinate red 
cells from group-o individuals. On this theory an o individual 
will be genetically OO, and an a individual genetically AA or 
AO, a B individual genetically BB or BO, and an ab indivi- 
dual genetically AB. This explains all the genetic findings. 
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For example, the children of two ab individuals can be AA, 
that is A, BB, that is B, and AB, ab, as shown in Figure 21. 
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21 . The children of two a b parents 
on the single locus theory 

One would not expect any of the children to be o. 

Geneticists have suggested, to the research workers in the 
blood groups, that the genes should have symbols such as 
/“, /^ and 7°, but this has not yet been adopted. 

In 191 1 a rare subgroup of a was discovered which was in 
some ways intermediate between the commoner form of A 
and o. So a is now subdivided into A, and Aj, the latter being 
nearer to o. Genetically, a, behaves as if it were produced by 
an allele of A i,B, and O. Very rare varieties, Aj and A 4 , have 
also been found. Similarly, there are rare groups known as 
Oj, and B„. The true situation is, therefoie, that there are 
probably many allelomorphs, but the common ones are the 
genes producing a, and a,, b, and o substances. 

While the red blood cells are the bodily system for which 
the ABO groups were discovered and for which they are of 
practical importance, other body fluids may also be im- 
printed in the same way. In 1930 it was discovered that 
people could be divided into ‘sccretors’ and ‘non-secrctors’ 
according to whether their saliva also contained substances 
with the same a, b, ab, or o specificity as their bloods. The 
distinction between secretor and non-secretor is difficult 
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to make in some individuals ; but in general secretion behaves 
as if due to a dominant gene. That is to say that the children 
of two non-secretors are always non-secretors, but that a 
proportion of the children of two secretors may be non- 
secretors. The symbol Se is used for the gene for secretion, 
and se for non-secretion. Non-secretors will be genetically 
sese and secretors may be Sese or SeSe. In secretors most 
tissues show a, b, or o specificity. Large amounts of group- 
specific substance are found, for example, in cysts of the 
ovary, in the first stools of a baby, and in seminal fluid. They 
are also found in the cells of the skin and this has recently 
been used to determine the a bo group of a human foetus 
from the shed skin cells floating in the aniniotic fluid as early 
as the twelfth week of foetal life. It has also been found pos- 
sible to detect the a bo groups of muscle tissue from mum- 
mies some 4,000 years old. 

The MNSs system 

The second blood-group system was not discovered till 
twenty-seven years later, in 1927. This is the MN system 
to which is now added the S and s system, since it is known 
that the genes for s and s are either part of the genes for the 
M and N groups or are very closely linked to them. The dis- 
covery was more difficult than that for the a bo groups, since 
sera do not normally react with the m and n substances in 
the red cells. Antibodies to n substance will only develop in 
the blood of an m individual if he is transfused with n blood 
and vice versa. To make this discovery Landsteiner and 
Levine first prepared antibodies to human blood by injecting 
human blood into rabbits and then tested the sera with 
various samples of red blood cells. In this way they were able 
to prepare two sera. Some bloods are agglutinated by one 
of these and are said to be M, some by the other and are 
said to be n, and some are agglutinated by both sera and 
are called mn. These groupings were quite independent of 
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the ABO groups, that is to say m, n, and mn individuals are 
found equally among a, b, ab, and o individuals. 

Landsteiner and Levine suggested that two alleles deter- 
mined these groups, one determining m and one determining 
N. On this theory an M individual would be genetically MM, 
an N individual genetically NN, and an mn individual gene- 
tically MN. The results of family studies on which this 
hypothesis was based were that m and m marriages gave all 
M children; n and n marriages gave all n children; while mn 
and M mamages on the average gave half m and half mn 
children ; similarly mn x N marriages gave half n and half MN 
children and finally mn and mn marriages gave a quarter M, 
a quarter n, and half mn children. The last three results 
can be quickly checked in figure 22. 


AN MNxM 
MARRIAGE 

M parent’s 
germ cells 


AN MNxN 
MARRIAGE 

N parent’s 
germ cells 


anMNxMN 

MARRIAGE 

MN parent’s 
germ cells 


5 

?> 

F: 

M 

Vj 

5 

N 

E 

(i)M 

(i)N 

& 

(i)M 

1 

(j)MM 

3k 

(i)M 

(i)MN 

k! 

tc 

/= (i)M 

^ 

(i)MM 

(i)MN 

& 

i(4)N 

(1)mn 

2 (i)N 

(i)NN 

a 

2 (i)N 
S 

(i)MN 

(i)NN 


22. The inhentance of the MN blood groups 


As with the ABO groups, rare sub-varieties of the m and 
N antigens occur. A weak form of n, called has been re- 
ported several times, behaving as a third alternative gene at 
the MN locus. Unusual forms of M have also been reported 
of which one is intermediate between n and m. These are 
attributed to further alleles of the gene responsible for the 
M and N antigens. 
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Blood group s was discovered in 1947 from a sample of 
serum sent to England from Australia which contained anti- 
s. It was rapidly found that group s was associated with the 
MN system, but not with any other known system. The 
existence of an alternative gene to S, called s, was confirmed 
with the discovery of an anti-s serum in America in 1951. 
With the two anti-sera it became possible to divide people 
into group s (genetically SS), group ss (genetically Ss), and 
group s (genetically 5i). Parents both SS were found to have, 
as might be expected, all SS children. Similarly, parents both 
ss had all ss children. Parents both Ss had SS, Ss, and ss 
children in the proportions of i, i, J. 

The relationship of the M and N gene-locus to that for 
S and s was found to be very close, so close that it is un- 
certain whether there are two gene-loci close together on the 
same chromosome or whether complex alleles at a single 
gene-locus are concerned in producing both the mn and 
ss substances. In family studies any particular combination 
of M or N with S or .s is inherited as a unit; there is no 
crossing-over. There are four such combinations possible on 
a single chromosome, MS, Ms, NS, and Ns. 

The P 1 P 2 P system 

The third system to be discovered was that of the p types. 
This was also found in 1927 by Landsteiner and Levine, who 
prepared anti-p by immunizing rabbits with human red celts. 
About three-quarters of European bloods react to anti-p and 
about one-quarter do not. Reaction to anti-p, implying the 
possession of the p substance, behaves in families as if due to 
a dominant gene. Soon after its discovery anti-p was found 
to occur naturally and now it seems probable that, just as 
for the ABO groups men and women without a possess anti- 
A and without b possess anti-B, so non-P individuals possess 
anti-p. But this naturally-occurring anti-p is weak. 

Since 1955 three alleles have been recognized for this 
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system, Pj, P 2 , and p, with two naturally occurring anti- 
sera. One of these anti-sera found in the rare pp individuals 
clumps the cells of those containing p, or p, substance; the 
other is a rather weak anti-serum found in those who are 
P 2 P 2 or P^i-> which clumps cells containing Pj substance. 

The Rhesus system 

The fourth group of blood types, the Rhesus series, is as 
important in medicine as the abo group. While the abo 
»roup is important for transfusion, the Rhesus group has 
been shown to be responsible for the illness or death, shortly 
before or after birth, from destruction of the red blood cells<k 
cf about one child in 200 in the white races. As long ago as 
1905 evidence was produced showinj; that a mother might 
be immunized by the a or b antigens of the baby she was 
carrying. The possibility will arise whenever a father has a 
gene for a blood-group antigen which the mother does not 
possess. For example, an 00 mother married to an ao 
‘'ather will have ao and 00 children. The red cells of the 
\o children would be agglutinated if they got into the 
mother’s serum and they would reinforce the strength of her 
lalural anti-A antibodies. In 1945 it was shown that 
bis did in fact occur provided that the child was a 
iccretor. 

In 1938 the American physician, Darrow, suggested that 
.he not uncommon disease of infancy where the baby’s red 
cells are rapidly destroyed might be due to antibodies from 
be mother. The baby’s red cells were destroyed because 
bey stimulated the formation of antibodies in the mother’s 
circulation, and these antibodies passed back mto the baby’s 
circulation. The following year Levine and Stetson reported 
bat a mother who had had a still-born child was transfused 
ivith some of her husband’s blood ; and the red cells of this 
donated blood were rapidly destroyed. It was found that 
this mother’s serum contained an antibody which clumped 
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the red cells of roughly 80 per cent of o individuals. Levine 
and Stetson suggested that the child and father had an 
antigen not present in the mother, and the child had sen- 
sitized the mother to this antigen. 

The next step was the discovery in 1940 by Landsteiner 
and Weiner that if a rabbit was immunized with the blood of 
the Macacus rhesus monkey an antibody was produced 
which agglutinated the red cells of 84 per cent of the white 
population of New York. Those whose red cells were 
agglutinated were called Rhesus positive and the 1 6 fier cent 
whose red cells were not agglutinated Rhesus negative. 
Shortly after, Weiner and Peters found this antibody in some 
of the individuals who had a reaction after transfusion of 
the correct abo group, including Levine and Stetson’s 
patient. Finally, in 1941, Levine and his colleagues showed 
that most of the cases of destruction of the red cells in the 
new-born were due to sensitization of a Rh negative mother 
by a Rh positive child. 

Fortunately, most Rh negative women married to Rh 
positive husbands never develop antibodies and have healthy 
babies. About 1 3 per cent of marriages in Britain are between 
a Rh negative woman and a Rh positive man. But only about 
one child in 200 has its red cells destroyed by anti-Rh anti- 
bodies. Once, however, a Rh negative woman has developed 
antibodies then any further Rh positive child she has will be 
affected. Fortunately, if the baby is bom alive there is an 
effective treatment. This is to give the baby a large trans- 
fusion of Rh negative blood, replacing much of the baby’s 
own damaged red cells by the transfused cells. The reasons 
why some women do not develop antibodies are not fully 
known. But one known mechanism is that, where the child’s 
ABO group is also incompatible with the mother’s, for 
example an a baby of an o mother, the mother does not 
develop Rh antibodies. The probable reason is that any of 
the baby’s red cells escaping into the mother’s circulation 
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are destroyed on account of the a bo incompatibility before 
they can cause Rhesus sensitization. 

Further investigation showed that the antigens of the 
Rhesus group and the genes responsible for them were 
complicated. A brilliant hypothesis was put forward by 
Fisher, in 1944. He suggested that there were three closely 
linked gene-loci concerned. At each gene-locus there were 
two main possible alternative genes named C and c, D and 
d, E and e, each producing a substance. There would then be 
eight alternative Rhesus gene combinations on a chromo- 
some, and these are shown in Figure 23, together with the 
alternative symbols (American). On the two members of tUfc 
pair of chromosomes concerned a man or woman could 
have any of the thirty-six different combinations of these 

CDE 
CDe R' 

CdE rv 
CM r' 
cDE /t* 
cDe R* 

CdE r" 
cde r 

23. Alternative Rhesus chromosomes 

Since anti-D is responsible for most cases of Rhesus in- 
compatibility between a mother and her child, those indivi- 
duals with D on at least one chromosome are said to be Rh 
positive and the remainder are called Rh negative. 

Anti-sera to each of the postulated antigens have been 
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found; anti-D is the one most often found and, as was said 
above, is the anti-serum responsible for the great majority 
of cases of red-cell destruction in the new-bom. Anti-c and 
anti-E are also not imcommon. In contrast, anti-d has only 
been reported twice, and there is some element of doubt 
about these two claims. Because of this, while a man or 
woman whose red cells do not react to anti-D serum may 
reasonably be supposed to have the genotype dd, an indivi- 
dual who does react may have the genotype DD or Dd. It is 
often a matter of considerable practical importance to decide 
which a man has. If a couple have had a child with red-cell 
destruction, mother being dd and sensitized to D, then the 
outlook for further pregnancies depends on the husband’s 
genotype. If he is DD then any children will be Dd, receiving 
D from the father and d from mother, and will very probably 
suffer from the disease, since once a mother has been sensi- 
tized then any subsequent D children are likely to be affected. 
On the other hand, if the husband is Dd, then there is an even 
chance that any subsequent child will be dd, the same as the 
mother, and not affected by the mother’s anti-D. Fortunately 
the other antigens present will often indicate whether DD or 
Dd is the more likely genotype of the father. This is because 
certain combinations of antigens are commoner than others. 
For example, a man whose blood reacts to anti-c, anti-o, 
and anti-e, but not to anti-c and anti-E, will have CDe on one 
chromosome, but might have CDe or Cde on the other. 
Since CDe is some forty-one times as common in the popu- 
lation of England as Cde, the former is more likely. If the 
man is the father of an affected child, it is even more probable 
that he is DD (and therefore in this case CDe CDe), since 
such men are twice as likely to have Dd children when mar- 
ried to dd wives as Dd men. 

Remembering that, for practical purposes, there is no 
crossing-over, the inheritance of the genes for the Rhesus 
blood types is strai^tforward. For example, taking parents 
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of the most common and the next most common genotypes, 
CDejcde and CDejCDCt children will have an even chance 
of being CDejCDe or CDej cde. The third commonest geno- 
type is cde ! cde and a mating of a parent of this genotype 
with one of genotype CDejcde would give children with an 
even chance of being CDejcde or cde j cde. 

As with other gene-loci controlling other blood groups, 
further alleles are being discovered. These include C7, Z)“, 
and E“. 

The concept of gene frequency 

In addition to the frequency of particular blood-group geno- 
types m the population, it is possible to calculate the fre- 
quencies of the individual alleles, the gene frequency. This 
is the proportion of individual chromosomes, for example in 
germ cells, that contain the alleles. The concept of gene 
frequency is a useful one, particularly when comparing 
different populations. The way in which the gene frequency 
is estimated is shown below. 

[The reader who does not like arithmetic may prefer to skip 
the rest of this section.] 

If there are two alleles at a gene-locus, it is usual to call 
the frequency of one p and the other q, p and q being fractions 
which add up to one. Thus, if two genes are equally com- 
mon, half the chromosomes in the population carrying one 
and half the other, p = i and q = if one gene is three 
times as common as another, then p, the frequency of the 
first, is I, and q, the frequency of the second, is In 1908 an 
English mathematician. Hardy, and a German, Weinberg, 
noted independently that, if there were no tendency for 
people of the same genotype to marry each other prefer^- 
tially, gene frequencies of p and q for, say genes X and ;c 
would give genotype frequencies of p^ for XX, 2pq for Xx, and 
q^ for \x. This is readily seen from Figure 24 in which the 
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genotypes and their frequencies are entered in the squares. 
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24 Genotype frequencies derived from the 
gene frequencies m a population 

It Will be noted that since p + q = 1 , + 2pq + r= 

(p + qy=l. 

This formula may be used to calculate the genotype fre- 
quencies, on the assumption of random mating, from the 
gene frequencies For example, if p and q are both then the 
frequencies of the two homozygotes XX and xx are each i, 
and the frequency of the heterozygotes A'x is The formula 
is more often used to calculate the gene frequencies from the 
genotype frequencies. For example, out of 1,279 English 
people the genotype frequencies for the M n types were MM 
0-284, MN 0 496, NN 0 220 From these the gene frequen- 
des can be counted, that of M being the frequency of MM, 
plus half that for MN, that is 0 284 + i(0 496) = 0 532. 
Similarly, the gene frequency of iV is 0 220 + ^(0 496) = 
0 468. There are m fact slightly fewer mn individuals in this 
sample than would be expected from the frequencies of MM 
and NN, since from the gene frequencies calculated, the 
MN mdividuals should be 1,279 x 2pg, that is 1,279 x 2 X 
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0*532 X 0*468 = 636*9 and not the observed 634. But this 
is the kind of difference that might well have arisen by 
chance. An alternative method of arriving at the gene fre- 
quency of M and N would be to take the square root of the 
frequency of mm and nn respectively. This would give nearly 
the same results, but is less efficient as it does not make use 
of the information provided by the number of mn individuals. 

When the closely linked substance s was tested at the same 
time as the mn antigens, the distribution of phenotypes of 
1,419 English people was found to be: 

MMS 295 (0 208), MNS 379 (0.267), NNS 102 (0 072J^ 
MsMs 107 (0 075), MsNs 322 (0*227), NsNs 214 (0*151). 

The most efficient method for calculating the gene frequen- 
cies from this phenotypic distribution is complex, as in all 
cases where the exact genotype cannot be determined. It 
was devised for the Rhesus system by Fisher and gives 
frequencies of : 

MS 0 247, Ms 0 283, NS 0 080, Ns 0 390, 

from which in turn the expecteo proportion of different 
genotypes may be calculated ; for example, MSMS will be 
(0*247)2 or 0.061, and MSMs will be 2 x 0 247 x 0*283 or 
0 140. These two combine to give the expected phenotype 
frequency of MMS (since in the absence of anti-s Aey 
cannot be distinguished serologically) of 0*201, which does 
not differ significantly from the observed frequency of 0.208. 

Similarly with the abo blood groups: since, for example, 
the genotype cannot be distinguished (except by family 
studies in some cases) from A^O, the frequencies for the 
genes A, B, and O cannot be determined by counting but 
must be calculated. For southern England they are: O 
0*616, A^ 0*259, A^ 0*065, B 0*060. Northern England and, 
even more, Scottish, North Welsh, and Irish surveys show 
higher frequencies of o and lower of a. 
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illustrate a point to be deduced from the mechanism of itt> 
heritance, that each individual, identical twins excepted, is 
unique. Use is made of this, for example, in identification in 
police work. Using the blood-group systems mentioned earlier 
there are 303,264 different phenotypic combinations possible 
in Englishmen. A sample of blood from a man or woman 
would often not be matched in a group of 100 other 
individuals. The director of the Medical Research Council’s 
Blood Group Research Unit in London estimates that even 
the commonest combination in England, o, msns, p,, cue/ 
ede, Lu'^Lu*’, kk, Le’^te’’, Fy®Fy^ jk‘*jk'’, occurs only once in 
about 270 people. It is almost as unwise for a murderer to 
leave a specimen of his blood at the site of the crime as to 
leave a finger-print. Similarly, as mentioned in Chapter 1, 
blood groups are the best way of testing whether twins are 
identical or fraternal. If the twins differ on any group, then, 
unless one has been recently transfused, they are fraternal. 
But if they are found to be the same for each group, where 
from the parents’ groups they might have differed, the case 
against their being fraternal is built up, usually to a proba- 
bility of about thirty-two to one. For example, if one twin 
is group o and father and mother are both a, then the 
probability of the second twin, if fraternal, also being group 
o is only a quarter. If one twin is n and the parents are both 
MN then the probability that the other twin will also be N, 
if fraternal, is again a quarter, and the combined odds on 
these two groups alone against the twins being fraternal is 
fifteen to one. 

Blood groups in paternity suits 

Another obvious medico-legal use of the blood groups is in 
the cases of disputed paternity. In many countries, for ex- 
ample many American states and the Scandinavian coun- 
tries, but not in Britain, when a mother of an illegitimate 
dbild brings a paternity suit against a man, the courts have 
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the power to order blood-group tests on all three indivi- 
duals. While it is never possible to prove that a man is the 
father of the child by blood groups, it is often possible to 
show that he could not be the father. The principle is that 
any blood-group substance which a child possesses and 
which his mother does not possess must have come from the 
father. If the alleged father does not possess this blood-group 
substance then he cannot be the father of the child, except in 
the exceedingly unlikely event of the gene concerned having 
changed its character between father and child. 

About 60 per cent of men falsely alleged to be the father of 
an illegitimate child can, in theory, be exonerated in this way. 
Experience of blood-group tests in New York State and 
Sweden indicates that in these two areas nearly half the 
allegations of paternity are incorrect. When it is not possible 
definitely to exclude a particular man as the father it is 
possible to give an idea of how probable or improbable it 
is that he is the father, and in Sweden some weight is 
attached by the courts to these probabilities. For example, 
It IS found in Sweden that in about 1 per cent of the cases, 
though the man being the father of the child cannot be ex- 
cluded, the likelihood of his being the father is less than 3 per 
cent, and it needs strong evidence of other kinds before the 
paternity is assigned to him. In the same way where the 
choice lies between two men neither of whom can be ex- 
cluded by blood groups, these may, nevertheless, indicate 
that one man is many times more likely to be the father than 
the other. Calculations of this kind may become especially 
important in the Scandinavian countries where legislation 
IS proposed that will give an illegitimate child the same rights 
to inheritance of his father's property as legitimate children. 

Blood-group gene frequencies in anthropology: the picture 
in Europe 

f Another and fascinating use of blood-group frequencies is in 
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t fapfng connexions between different races. The discovery 
that races differed in the frequency in which the various 
blood groups are found was made by Professor and Mrs 
Hirszfeld in 1910. The distribution in Europe of the fre- 
quencies of the genes for the a, b, and o antigens have been 
compiled by Mourant and his colleagues and are shown in 
Figure 25. In the British Isles the blood groups, in spite of 
extensive internal migration, still show a contrast between 
the English- and Celtic-speaking peoples. In soqth-east 
England the frequency of the gene for A is between 25 and 
30 per cent, in contrast to between 15 and 20 per cent in the 
Celtic-speaking areas. Conversely, the gene for o has a high 
frequency in the Celtic-speaking areas. The gene frequencies 
of A in south-east England are similar to those of west and 
central Europe as a whole (including Scandinavia), which is 
an area relatively high in A. 

The high O and low A frequency of the Celtic-speaking 
north and west fringes of the British Isles and also of Norse- 
speaking Iceland is paralleled in Europe only in the Basque- 
speaking parts of France and Spain and in Sardinia and 
Crete; but rather similar frequencies are found in the Berbers 
of North Africa and in the inhabitants of the western 
Caucasus in Asia. This agrees with the evidence from archae- 
ology and physical anthropology. It would appear that Iron 
Age and Anglo-Saxon immigrants into south and east Eng- 
land partly displaced to the north and west earlier inhabit- 
ants who were descendants of New Stone Age immigrants 
from North Africa and the Iberian Peninsular, together 
with the remnants of even older peoples. As is often the case, 
although the Celtic-speaking Iron Age immigrants imposed 
their language on the people of the west and north of the 
British Isles, the biggest genetic contribution to the present- 
day population of these areas comes from the earlier peoples. 
Essentially the same early immigrants contributed most to 
the population of Iceland, though here it was the Norse- 
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speaking Vikings, and not the Celts, who finally determined 
the national language. 

As one goes across Europe the frequency of B rises to over 
10-15 per cent in eastern Germany, eastern Czechoslovakia, 
and Yugoslavia, with a further rise to 15-20 per cent in 
European Russia and eastern Finland and the Middle East, 
rising further to 20-25 per cent as one enters Asia. A pocket 
of high B in north-east Sweden is due to immigration from 
Finland; another in south-west Spam is due to immigration 
from North Africa. The Magyar-speaking Hungarians do 
not differ from the surrounding Slav-speaking peoples. The 
highest A frequencies arc found in southern Norway, south- 
ern and central Finland, Portugal, and western Spain, regions 
of the Franco-German frontier, Switzerland, Romania, 
Bulgana, and Turkey. The last five regions are all mountain- 
ous. Another liigh A area is Lapland in the far north of 
Scandinavia, Finland, and Russia. This is, however, genetic- 
ally quite distinct since the A is predominantly A 2 .A 2 occurs 
with a frequency of 5-10 per cent in the rest of Europe and in 
Africa, both north and south of the Sahara, but is rare else- 
where. 

The general picture here is of a relatively and absolutely 
high O people pushed into the comers of the European area, 
the extreme north-west. North Africa, the Mediterranean 
islands, and the Caucasus; of a solid central, relatively high 
A people reaching up into Scandinavia and down into 
Spain, Italy, and Greece; and of an eastern relatively high B 
people reaching, in attenuated form, as far as central 
Germany. 

The Rhesus genes distinguish north and west Europe from 
the remainder of Europe, and indeed from the rest of the 
world so far studied except parts of North Africa, by the 
high frequency of the gene combination cde. This reaches 
its maximum in the Basque-speaking peoples on either side 
of the western boundary between France and Spain and 




25. Distribution of blood-group genes A, B, and O in Europe (modified 
from Mourant, Kopec, and Sobczak) 
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certain Berber tribes in North Africa. It is interesting that 
the Basques and the Berbers are the two peoples in western 
Europe and the western part of North Africa who do not 
speak an Indo-European language. 

Another feature of the British Isles is a high frequency 
(45-50 per cent) of the gene for n and a correspondingly low 
frequency of the gene for m. This is shared by Scandinavia, 
the Spanish Peninsula, and the very north-west of France, 
Germany, and Poland. In the rest of Europe the frequency 
of JVis intermediate and then falls to low values as one enters 
Russia and central and southern Asia. 

Intercontinental differences in blood-group gene frequencies 

All the differences so far mentioned are within the white or 
Caucasian race. They are group differences, and it would be 
impossible reliably to assign any individual to a particular 
part of Europe on the basis of his blood groups alone. The 
differences between native European, native African, and 
native Mongolian are, as one might expect, much wider. A 
specimen of blood known to come from either a white or a 
West African Negro could be correctly labelled 95 times out 
of 100. The most effective distinction is by the Duffy groups; 
for example, 90 per cent of West Africans have no py® or py** 
substance, while all whites have one or both of these sub- 
stances. Independently, 40 per cent of West Africans have the 
V substance (thought to be the product not of another gene- 
locus but of c and e® on the same chromosome) of the Rhesus 
groups and this is very rare in whites. Another substance 
genetically linked to the MNSs system, hu, is found in 22 per 
cent of West Africans and not in whites. In addition more t^n 
10 per cent of West Africans have one or other of the variant 
forms of the red-cell pigment haemoglobin, and these are 
very rare in whites. These blood-group substances are rather 
less effective in distinguishing between the blood of coloured 
and white citizens of the United States, and the blood-group 
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gene frequencies indicate that the coloured population con- 
tains a considerable amount, 30 per cent or more, of white 
heredity. More blood substances will be found with a 
frequency sharply distinct in whites and Negroes; for ex- 
ample, a new substance was found in 1919, provisionally 
called j s, which is rare if not absent in whites, yet present in 20 
per cent of American coloured people. All these specifically 
Negro characters would also be useful in distinguishing be- 
tween native Africans and members of the Mongolian races, 
and have shown, for example, that there is no close connexion 
between Negroes and the superficially similar Melanesians. 
Fewer specific blood groups are known at the moment fob 
the Mongolian races to distinguish them from the white 
races; they have been much less thoroughly investigated. 
The most effective distinction at any rate for some Mon- 
golian races is by a blood-group substance, Diego (oi), 
which was first discovered in native South American Indians. 
It is present for example, in over 30 per cent of South Ameri- 
can Carib Indians, and 10 per cent of Japanese, but is very 
rare in whites. In contrast the Rhesus gene complex cde is 
practically absent in Mongolians. 

We cannot make full use of similarity in blood-group fre- 
quencies in tracing racial relationships until we know more 
of the natural selective forces to which they are subject and 
the rate at which they can change. It is already clear that 
blood groups provide a valuable check on conclusions drawn 
from physical anthropology, language, and history. Steps 
are now being taken to blood-group bones and it may ^ 
possible before long to determine the blood-group frequencies 
of populations living many centuries ago. There are already 
mdications that the abo frequencies do not normally change 
appreciably over periods of centuries. The descendants of 
German colonists who settled in Hungary two and a half 
centuries ago have a modem German distribution. The blood 
^ionors with English surnames in Northern Ireland have a 
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modem English distribution, although they have been settled 
tiiere for over four centuries. Nevertheless, the abo groups 
are more variable geographically than the MNSs and Rhesus 
syatems, indicating that the latter are even more stable. 

Genetic differences of this kind are no reason for valuing 
one race of man more highly than another, nor do they 
necessarily indicate that inter-racial crossing is undesirable. 

Selective value of the blood groups 

The state of affairs where several alleles each occur with a 
considerable frequency is called ‘genetic polymorphism’. It 
is not easy to understand how this is maintained. Fisher 
showed that if one of these alternative genes conveys even a 
slight extra degree of ‘fitness’, in the sense that those who 
possess it are consistently likely to have more surviving 
children than those who do not, one would expect that gene 
to be common in the population and the others to be rare. 
Two explanations have been put forward for genetic poly- 
morphism. The first is that the heterozygotes for these genes, 
those who are A B, AO, or BO, are fitter than the homozygotes 
AA, BB, and 00. Then even if OO individuals are fitter than 
AA individuals, the A gene will maintain itself in the popula- 
tion relative to O because AO individuals are fitter than either 
AA or OO. There is no evidence that this explanation is 
correct for the blood types in man, but many examples are 
known in such well-studied animals as the fruitfly, and one 
probable example is known in man in relation to sickle-cell 
haemoglobin, to which reference is made in Chapter 8. The 
other explanation that has been suggested is that in species of 
animals living in many different environments one form of 
the gene may have a selective advantage in one environment 
and another form in a different environment. Migration and 
intermarriage between the two populations would prevent 
the form of the gene, which was locally advantageous, from 
entirely ousting the other form from the population. Ther^ . 
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is no good evidence that this explanation is correct for thn, 
ABO groups, but indications that a process of this kind 
possible comes from finding that individuals of some blood 
groups are more predisposed to certain diseases than others. 

Blood groups and disease 

In 1919 the British surgeon, Aird, and his colleagues noted, 
for example, that cancer of the stomach was more prevalent 
in certain parts of the British Isles than others. Thinking that 
this difference might be of racial origin they collected infbr- 
mation on the blood groups of these patients. To their sur- 
prise they found that in each area which they studied thejjp 
were more group a individuals (who would be mostly genetic- 
ally AO) and fewer group o individuals than in the general 
population of the same area. Similar findings have now been 
reported from North America and the continent of Europe. 
Persons of group a are about 20 per cent more prone to 
develop the disease than those of groups o or B. 

Aird and his colleagues then turned their attention to the 
other common complaint of the stomach, ulcer of the stomach 
and the first part of the small inte.stine, the duodenum. They 
now found that it was those of group o who were unduly sus- 
ceptible and this again has been confirmed in America and 
on the continent of Europe. More recent work has shown that 
this IS true especially, perhaps only, for ulcers of the duo- 
denum and the adjoining, rather than the main, part df the 
stomach. These differences in susceptibility are quite sub- 
stantial and consistent in the different areas studied. A group 
o individual is about 40 per cent more likely to get duodmal 
ulcer than people of other groups. The striective pressure 
exerted by a duodenal ulcer would be much greater than 
that by cancer of the stomach. More recently it has been 
shown in Liverpool that there is an even stronger difference 
in the liability to duodenal ulcer between those who are 
I secretors of blood-group specific substances and those who 
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^are not, the latter being 80 per cent more prone to ulcers 
than the secretors. 

There is more direct selection for the genes determining 
blood types where differences between mother and her un- 
born child may lead to death of the baby, as with the gene 
for the Rhesus d substance. Such a. death will involve the 
loss of one of each allele, that is one D and one d, since the 
mother is homozygous dd and the father must have contri- 
buted a D gene. This will favour the survival of the more 
common gene which in Britain is the gene D. It has been 
suggested that the present frequency of the gene in western 
Europe is due to the mixture of two races, one high m d- 
best represented now in the Basques - and the other high in 
D. On this theory the gene for d is now being slowly elimin- 
ated except among the few groups where it is commoner 
than the gene for d. In the same way the occasional example 
of red cell destruction in the new-born due to a child being a 
and the mother o, favours the survival of the gene for o 
where O is the more common gene. As explained above, 
ABO incompatibility protects against Rhesus sensitization, 
so that the total balance of selective advantage and disad- 
vantage of these genes from haemolytic disease of the new- 
born is complex. 

Plasma proteins 

The genetics of the liquid part of the blood, plasma, have 
only been intensively studied in the last few years. It is al- 
ready clear, however, that there is much genetically deter- 
mined normal variation in the types of the proteins in the 
plasma, though our knowledge is, as yet, much less de- 
tailed than for the substances in the envelopes of the red 
blood cells. 

In 1919 the Canadian, Smithies, found that one of these 
kinds of protein, known as hapto-globin, existed in three 
forms which were called 1*1, 1*2, and 2*2. The proportions 
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of North Americans and Englishmen with the form 1-1 is 
a^out 16 per cent, with the form 1 -2 about 48 per cent, and 
with the form 2-2 about 36 per cent. Genetic studies showed 
that the differences are due to alleles at a single gene-locus, 
1 -1 being homozygous for one aUele and 2*2 homozygous for 
the other allele, and 1 2 being heterozygotes with one of each 
allele 

One function of the hapto-globins is to hold on to the red- 
cell pigment, haemoglobin, when it is released into the 
plasma after destruction of the red cell and so prevent it 
being lost through the kidneys. This property is best effected 
by hapto-globin 1-1 and its high frequency in tropical Afiica 
may be due to the need to prevent haemoglobin loss after 
destruction of red cells by malaria. 

Another kind of protein m the plasma, the beta-globulins, 
has recently been found to exist in three genetically deter- 
mined forms, B, c, and d. Most Canadians and Englishmen 
are homozygous for the allele producing c, but a few are 
heterozygous and have both b and c. On the other hand 
Negroes, both in Canada and Gambia, are mostly homozy- 
gous for the allele producing c, but a few have c and d. The 
form D IS commonest among Australian aboriginals. One 
of the functions of the beta-globulms is to carry iron in the 
plasma. 



CHAPTER 5 


Further Single-Factor Inheritance for 
Normal Human Variation - ‘Tasting*, 
Colour-blindness, and Eye-colour 

Tasting phenylthiourea 

Once we leave the blood, there are few characters in human 
beings which we know to be largely dependent on alternative 
genes at a single locus. One such character was discovered in 
1931; this is the ability to taste a group of chemical com- 
pounds, of which phenylthiourea is typical. 

To about 70 per cent of English and North Americans 
phenylthiourea has an unpleasant bitter taste; while the 
other 30 per cent do not taste the substance at all except in 
highly concentrated solution. The concentration of the 
chemical which best distinguishes between ‘tasters’, that is 
those who taste it readily, and ‘non-tasters’ varies with the 
age of the subjects. This is understandable, as one’s general 
ability to taste lessens with increasing age. It is found that 
the best discrimination in adolescents is given by a solution 
of 40 milligrams of phenylthiourea in a litre of water. In 
people over the age of fifty the best discrimination is given by 
a solution four times as strong, that is 160 milligrams per litre. 

Just as with the blood types, there are interesting racial 
differences in the proportion of ‘tasters’ and ‘non-tasters’ in 
a population. About 30 per cent of English people are ‘ non- 
tasters ’, but only about 5 per cent of Negroes and 10 per cent 
of Chinese. 

The results of a study (by Harris and Kalmus of the Galton 
Laboratory in London) of the frequency distribution of the 
‘tasting’ ability of 102 young (aged between sixteen and 
twenty-five) and 101 old (aged between sixy-six and eighty- 
five) ^glishmen is shown in Figure 26. The horizontal axis 
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in this diagram shows the minimum concentration that'llhe 
men could taste. (Solution No. 1 was 1 *3 gram of phenyl- 
thiourea per litre, No. 2 was half the strength, No. 3 a 
quarter of this strength, and so oil.) The vertical axis shows 
the numbers of men who fell into each group. In both the 
young and the old men there are strong indications of two 
distinct types of individuals, those who could taste readily 
and those who could taste only strong concentrations or not 
at all, and the proportions of each type are about the same, 
approximately 30 per cent at each age ; but the taste threshold 
of both types has shifted two or three classes towards the 
more concentrated solutions in the old men. However, in 
the old men particularly, the two types appear to overlap in 
their distributions. 

Family studies show that the main difference between ‘tas- 
ters’ and ‘non-tasters’ is determined by a single gene-locus 
at which there are two alleles, one allele being dominant to 
the other and conferring the ability to taste. The evidence for 
this is that where both parents are ‘non-tasters’ all the 
children are ‘non-tasters’. (The only exceptions are from 
parents in the zone of overlap of tasting ability of the two 
types.) Where both parents are ‘tasters’, or one is a ‘taster’ 
and one a ‘non-taster’, all the children are ‘tasters’ in some 
of the families, but in other families a proportion of the 
children are ‘non-tasters’. Accordingly, if the gene confer- 
ring the ability to taste is called Ta, and the alternative ta, 
‘non-tasters’ will be homozygous tata, but ‘tasters’ may be 
homozygous TaTa or heterozygous Tata. The effect of 
these genotypes on the ability to taste is, however, modified 
by the person’s age and probably by other factors both 
genetic and environmental. Among the Chinese, there is 
little or no overlap in the tasting ability of the two groups, 
so that practically all Chinese tata individuals can be recog- 
nized by their weak powers of tasting phenylthiourea. 



26 The distribution ot ‘tasting’ ability in young and old men 
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The possible selective value of these differences in tasting 
ability is not known, but it may be related to the function of 
the thyroid gland. Some of the group of compounds dis- 
tinguishing ‘tasters’ and ‘non-tasters’ have a markedly in- 
hibitory effect on the ability of the thyroid gland to secrete its 
hormone. They are used for this reason as an alternative to 
an operation in treating patients whose thyroid gland is over- 
secreting. Recently an association has been found between 
tasting ability and certain diseases of the thyroid gland. 

Colour-blindness 

Another nearly normal variation for which it is possible^ 
recognize the effects of alleles at a single gene-locus is abnor- 
mabty of colour vision. There arc several different types. 
The most complete form is total colour-blindness. This form 
is rare and those affected see shades of light and dark but no 
colours at all. It behaves in families as if due to a recessive 
gene on one of the autosomes (i.e. on one of the chromo- 
somes other than the X chromosome.) The other types all 
involve colour-bhndness for only one of the three main types 
of colour vision, that is the perception of red, blue, or green. 
There are six known types: three are severe and are called 
‘red-blindness’, ‘green-bUndness’,* and ‘blue-blindness’; 
three are mild and are called ‘red-weakness’, green-weak- 
ness’, and ‘blue-weakness’. The abnormahties of perception 
of blue are rare and their inheritance not fuUy investigated 
yet. The abnormalities of perception of red and green are not 
uncommon and those who have them must be excluded 
from work involving the recognition of signal lights; they 

"* The terms ‘green-blindness’ and ‘green-weakness’ are used for 
simpbcity. When asked to match a yellow light with mixtures of red and 
green hght, the green-blmd and green-weak use too much green just as 
the red-blind and red-weak use too much red. But the essential abnor- 
mality in the green-bhnd and grem-weak is complete and partial faflute 
respectively to discriminate light with wave-lengths in the green-yellow- 
red range, rather than a reduction in sensitivity to green light. 
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Ere also unsuited to many branches of the dyeing, textile, 
paint, and printing industries. Two large scale investigations 
in Norway and Switzerland gave the following approximate 
frequencies of colour-blindness in males: 

Red-blind, 1 per cent Green-blind, 5 per cent 

Red-weak, 1 per cent Green-weak, 1 5 per cent 

The total frequency of all four types in girls and women is 
only about 0 5 per cent. 

Family investigations show that all these four conditions 
(and probably blue-weakness, but not blue-blindness) are 
determined by genes on the X chromosome and show the 
features of sex-linked inheritance. This pattern of inheritance 
of colour-blindness was recognized as early as 1876. In 
general girls and women are rarely affected and then only if 
they are homozygous for one of the responsible genes. Some- 
times, however, heterozygous women show a detectable 
degree of colour-blindness. In addition the pattern of in- 
heritance in a number of families suggests that the genes for 
red-blindness and red-weakness are alleles, with the gene for 
red-weakness dominant to that for red-blindness. Women m 
these families, who from the pedigree must have the genes 
for red-weakness on one X chromosome and the gene for 
red-blindness on the other X chromosome, are red-weak. 
Using the symbol for the gene for red-blindness, R’*’ 
for the gene for red-weakness, and N for the normal gene, 
the genotype of these double carrier women is almost 
certainly as in section a of Figure 27 and not as in section b. 


& one locus b two locus 



27. Inheritance of red-blindness {R^) and red-weakness (/?**') 
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With genotype b one would have expected colour visirm to 
be normal, since each gene for colour-blindness is matched 
by a dominant normal allele. 

Similarly the genes for green-weakness and green-blindness 
appear to be alleles, with that for green-weakness usually 
dominant to that for green-blindness. But the gene-locus for 
the two types of defective perception of red is probably 
separate from that for the two types of defective perception 
of green. For example, in a family in Switzerland the mother 
was green-blind and therefore very probably homozygous for 
this gene; this was borne out by the finding that all her three 
sons were also gieen-blind. The father was red-blind and $•> 


a. one locus b two lonis 



28. Inheritance of red-blindness (/f*) and green-blindness (G*) 

their daughter must have had one gene for green-blindness 
and one for red-blindness. This girl had no defects of colour 
vision suggesting, though not proving, that the genes for 
green- and red-blindness were not alleles and that each of 
them was dominated by a normal gene; the genotype of this 
girl is almost certainly as in section b of Figure 28 and not 
as in section a. 

In another Swiss family in which the situation was reversed 
the father was green-blind and the mother red-blind. There 
were no sons in this family, but the two girls had normal 
vision though they must have carried a gene for each type 
of colour-blindness. Confirmation of the two loci theory 
may come from the sons of these girls. Normally, their sons 
will be either red-blind or green-blind and this will be true 
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wheither there is one locus involved, as in the preceding 
figure 28a, or two as in the preceding figure 28b. With 
28a this must always be the case, but with 28b a cross- 
over might occur giving a boy with normal colour vision, 
and the birth of such a boy would strongly support the two 
loci theory. 

Colour-blindness is more common in whites than in other 
races; for example it occurs in only about 5 per cent of both 
Indian and Chinese males, the lowest frequency so far dis- 
covered being in Eskimocs where it is less than 1 per cent. 

A possible selective advantage of colour-blindness is that 
men with it can see animals wliich are hidden from normal 
vision by their natural camouflage. This would be useful to 
men such as our own Middle Stone Age ancestors, hunting 
in forests and woods, but valueless to the Eskimos. In the 
same way, only the colour-blind entomologist can easily pick 
out the Emperor Moth caterpillars from Scottish heather. 

In all these characters determined by a single gene pair, 
blood types, plasma proteins, tasting ability, and colour 
vision, the connexion between the function of the gene and 
the characteristic observed is probably close. There is no 
such simple relationship between gene function and its effect 
on development for most ordinary physical characteristics 
such as eye-colour, hair form, height, and body build. The 
ordinary physical character where variation is perhaps 
nearest to being determined by a single gene pair is eye- 
colour, that is the colour of the iris. The iris is made up of 
three layers - an outer layer, always present in animals but 
more or less atrophied in men, a middle layer, and an inner 
layer. If there is no pigment in either the middle or inner 
layers, the iris appears pink, but this complete absence of 
pigment occurs only in albinos. If pigment is present in the 
inner layer but not in the middle layer the iris appears blue 
or grey. The distinction between blue and grey probably 
depends on the amount of atrophy of the outer layer, the 
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greater the atrophy the more blue the eye. If pigment is 
present in both the inner and outer layer the iris is some 
shade of brown. In some peoples, for example Mongolians or 
Negroes, almost all the eyes are dark-brown. But in all 
peoples with a considerable element of north European 
stock there is an appreciable proportion with blue and inter- 
mediate eyes and all gradations from light-blue to dark- 
brown. Albinism occurs in all races, but is rare and should 
perhaps not be classed as a normal variation: the complete 
form is due to a recessive gene. 

That these vaiiations are largely genetically determined is 
shown by twin studies. Twins who are, on other ground^ 
almost certainly identical have the same eye-colour and the 
same detailed pattern of the iris, Vith the exception of the 
chestnut-brown flecks which arc occasionally seen in the iris. 

In view of this complexity of the anatomical basis of eye- 
colour it is unlikely that a single gene pair could be respon- 
sible for all the variations observed. It has, however, long 
been known that it is unusual for two blue-eyed parents to 
have brown-eyed children, and as early as 1907 Hurst, in 
England, suggested that bluc-eyrd individuals are homo- 
2ygous for a recessive gene. The largest study of parents and 
children was made in Denmark in 1921 by Winge. The results 
are not wholly reliable as they were collected by question- 
naire and not by personal observations. The parents were 


Table 3. Family study of inheritance of eye-colour 


MARRIAGES 

NUMBER OF 

CHILDREN 


1 Blue 

Brown 

Greyish or 
Bluish-green 

Blue X Blue j 

625 

12 

' 7 

Blue X Brown j 

317 I 

322 

9 

Brown x Brown 

25 

82 

— 
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or members of two Danish natural history societies. 
The number of brown-eyed children born to two blue-eyed 
parents was less than 2 per cent, with another 1 per cent of 
intermediate colour. On the other hand just about one 
quarter of the children of two brown-eyed parents were blue- 
eyed, None of the studies of human eye-colour are recent, 
and more studies are needed. At the moment much of the 
observations could be explained on the certainly over- 
simplified hypothesis of three alleles which might be called 
£^', and the homozygous being blue-eyed, the 
homozygous being grey-eyed, and the homozygous 

E^£^' being dark-brown-eyed. Heterozygotes, £*'£’*'’, will be 
grey-eyed and heterozygotes E^'£'’' and various 

shades of green, hazel, and light-brown. 

There are indications that a factor on the A' chromosome is 
also concerned with brown pigmentation, that in continental 
north European countries, but perhaps not in Britain, there 
is a dominant or partially dominant gene present on some 
of the X chromosomes. Since women have two X chromo- 
somes they would be twice as likely to possess this sex-linked 
gene as men. The hypothesis may be tested in families. For 
example, on this view one would expect blue-eyed boys to 
have more brown-eyed sisters than brothers; both brothers 
and sisters of a blue-eyed boy may be brown-eyed if the 
mother’s other X chromosome carries a gene which makes 
for a brown eye, but sisters may also receive a brown factor 
in the X chromosome they receive from their father. In 
contrast, blue-eyed girls have an equal chance of having 
blue-eyed brothers and sisters; the fact that they are blue- 
eyed shows that their father’s X chromosome does not carry 
a gene for brown eyes. 

The findings in one such family study by the American, 
Brues, are shown in Table 4 for the brothers and sisters of the 
light-eyed men in the group. Dr Brues personally examined 
all the subjects. 
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Table 4. Evidence for a sex-linked gene for eye-colour 


I 

SIBLINGS OF I SIBLINGS OF 
LIGHT-EYED MEN |LIGHT-rYID WOMEN 



1 Brothers 

Sisters 

1 Brothers 

Sisters 

1 

0/ 

/o 

% 

% 

% 

Light-eyed 

64*6 

29-9 

57-5 

50-7 

Not Jight-eyed i 

35-4 

70-1 1 

42-5 

49-3 

Number of cases i 

! 

65 

1 

77 1 

1 

40 

79 


The differences were strongly in favour of the hypothesis and 
supported by the families of other types. Sub-dividing thtf* 
non-light eyes, Brucs found that the sex-linked gene tended 
to produce a mixed-brown rather than a dark-brown eye. 
It should be noted that blue-eyed individuals will not 
possess this sex-linked gene and so this hypothesis does not 
explain the occasional brown-eyed individual bom to parents 
who are both blue-eyed. 

It is interesting to consider what are the selective advan- 
tages that have resulted in the present distribution of eye 
colour in the world. By far the commonest eye-colour is 
dark-brown, and this is also the eye-colour of the great apes. 
An iris with this amount of pigment has the property of 
preventing visible and ultra-violet light from entering the 
eye except through the pupil. This gives a clear image and 
it is probable that dark-eyed people can see better and more 
comfortably than the light-eyed when the light is very bright. 
Blue-eyed men and women often find their eyes uncomfort- 
able in bright light, and the rare albino individuals are un- 
comfortable and do not see clearly even in rnoderate light. 
In cloudy, temperate zones, however, where light eyes are 
chiefly found, light eyes are no disadvantage. In these areas 
one might expect the genes for dark eyes to be gradually lost 
since they have no positive selective value. This would be a 
slow process and it is to be expected that genes for light 
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eyes have some positive selective advantages in cloudy, tem- 
perate zones. The advantage might be indirect. For example 
there m(ght be a selective advantage of a fair skin under these 
conditions and the genes for fair skin tend also to produce 
light eyes, but at the moment one can only speculate about 
this. 



CHAPTER 6 


Height and Build 


The normal cune 

With the blood groups and ot^ characters determined by 
a single gene pair, the variation seen m the population is 
discontinuous; for example, so many people are group A, so 
many group b, so many group o, so many group ab. With 
most normal variation, however, no sharp division can b» 
recognized between one type and another. Instead there is 
a tendency for the population to show continuous variation 
from one extreme to the other, with most people fairly close 
to the average of the population and fewer and fewer repre- 
sented as one moves in either direction towards the extremes. 
For many qualities that can be measured in men and women 
the variation follows a particular pattern of this type, known 
as a ‘normal’ curve distribution. A full account of the 
normal curve is given in the Pelican book Facts from Figures 
by M. J. Moroney. This curve can be described by two 
quantities, the arithmetical average or mean, and a measure 
of the variation about the average called the ‘standard 
deviation’. About two-thirds of the population lie within 
one standard deviation of the mean and 95 per cent within 
two standard deviations of the mean.* 

* The standard deviation is found by adding the squares of the indi- 
vidual differences from the average of the population measured, 
dividing this figure by one less than the number of people measured, 
and taking the square root. In algebraic form 

where s is the standard deviation, Z indicates * the sum of’, x is the iikdi- 
Vidual measurement, x is the Arithmetic mean of the measurements, 

95 



HUMAN HEREDITY 
Inheritance of height 

Height is used in the next few sections to illustrate the prin- 
dples of inheritance of normally distributed qualities. Other 
characters, such as counts of the ridges seen in finger-prints, 
have been more thoroughly investigated and are more com- 
pletely genetically determined, but would be less familiar to 
most readers. 

A distribution curve for height which has an average of 68 
inches and standard deviations of 2*6 inches is shown in 
Figure 29. This corresponds with the distribution of height 



29. A distnbution curve for height in full-grown men in south-east 

England 


in fully-grown young men in south-east England, which is 
the region with the tallest men in the British Isles. About 

sad n is the number of individuals measured. The standard deviation 
squared, that is 

S (x-x)» 
n — 1 

h known as the ‘variance*. The point of squaring the deviations from 
the average is that it ensures that deviations in opposite directions do 
not cancel each other. 
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two thirds of the population will^e within one standard 
deviation on either side of the mean (in this example be> 
tween 654 and 70 ‘6 inches), while only about 1 in 20 
will be beyond two standards from the mean (in this 
example 1 in 40 less than 62*8 inches and 1 in 40 more than 
73*2 inches). 

A theoretical model for the inheritance of height 

It so happens that a normal distribution of this kind is just 
what one would expect to find in a population for a^harao 
teristic the variation of which is due to a number of causes 
each of small effect. This is true whether these causes ate 
genetic or environmental. If genetic endowment for the 
development of a quality such as height were determined by 
just a felW gene pairs, this would produce a normal distri- 
bution. For example, let us first suppose that a single gene 
pair is concerned, for which there is one common form of 
the gene which we will call //, with a gene frequency of i, 
and two alternative forms hj and /i^, each with a frequency 
of only 1. Further, let us suppose that while H tends to pro- 
duce an average height of 68 inches, hj increases height by 
2 inches, and reduces it by 2 inches. Then the distribution 
of heights in the population would be given by the algebraic 
expression (^hj + + JA^)^ or by the chequer-board dia- 

gram shown in Figure 30. 

This shows one-sixteenth of the population at each of the 
extremes of 64 and 72 inches, four-sixteenths or one quarter 
at each of the intermediate heights of 66 and 70 inches, and 
six-sixteenths or three-eighths at the average height of 68 
inches. This distribution is shown in Figure 31. 

The distribution is still discontinuous but it shows some- 
thing approaching a normal curve with standard deviation 
just over 2 inches. 

It is only necessary to add another pair of genes control- 
ling height with similar alteles tj, T, and (adding -f-2,0, and 

T-d 



Alleles on the other chromosome 
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Alleles on one chromosome 



(^1 

(iW 



+2 

0 

-2 


(i^) 

(i) 

(iV) 

+2 

72 

70 

68 


(i) 

iX> 

(i) 

0 

70 

\ 68 

1 

66 

(i)//. 

(xV) 

' (1) 

(A) 

-2 

68 

66 

64 


30. The genotypes for height produced by 3 
alJeles at a single gene locus 



64 66 £3 7D 72 

Height In Inches 


31. The distribution of height produced 
by 3 alleles at a single gene locus 




HEIGHT AND BUILD 


99 


—2 inches respectively), and to allow a small variation due to 
environmental factors to get something very close to a normal 
distribution. The distribution of genetic endowment from 
two such gene-loci can, once again, be worked out by a 
chequer-board diagram. The variation due to one gene pair is 
put along one axis and that due to the other gene pair along 
the other axis. Alternatively, it can be worked out algebraic- 
ally by expanding the expression Qhj + + 

iT -f- it^y. The distribution so formed is shown in Figure 32. 



32. The distribution of height produced by 3 alleles at each 
of two gene lod 
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This distribution is once again discontinuous, but it is now 
close to a normal curve with an arithmetical average of 
68 inches and standard deviation of 2-8 inches, and so 
approximates quite closely to the actual distribution of 
height of young men in south-east England. 

The true mechanism of the inheritance of height is almost 
certainly not so simple as this; but the illustration given 
shows how readily quite simple genetic hypotheses will ac- 
count for nearly continuous, normal distributions. Eveq a 
single gene pair with several alternative forms of the gene, 
instead of the two postulated above, would give a nearly 
normal distribution. We know, however, that more than one 
gene pair is concerned with height since a single gene pair 
would mean that only four alleles could be present in a man 
and his wife, and only four genetic endowments for height 
could occur in their children. In practice it is found that 
brothers and sisters can show much more variety than this. 
It is also the case that the existence of a normal distribution 
for a character in the population does not necessarily mean 
that genetic factors are concerned; numerous environmental 
factors determining height might also give a normal distri- 
bution. The extent to which height is genetically determined 
has to be investigated in the usual way by twin and family 
studies. 

Height in tviins 

Twin studies indicate that adult height is largely genetically 
determined, except where illness has actually deformed 
skeletal structure. The degree of resemblance between identi- 
cal twins brought up together is high: when the twins are 
full grown, differences of more than 1 inch, that is about 
1 ’5 per cent, are unusual. Newman, Freeman, and Holzinger 
found that the resemblance was still high in their nineteen 
pairs of identical twins brought up apart and so experiencing 
differing environments. Their findings are shown in Table 5. 
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Table S. The resemblance for height of nineteen identical pairs 
of twins brought up apart 


ADULTS 

CHILDREN 

Height 

Numbet of 

Heif^ht 

Number of 

difference 

pairs 

difference 

pairs 

(in inches) 


(in inches) 


o-§ 

10 

0-1 

1 

i-i 

4 

i-i 

0 

i-ii 

1 

i-H 

2 

more than H 

0 

more than 11 

1 


The adult differences are no more than for identical twins 
reared together and much less than between fraternal twins 
reared together. 


Effect of nutrition on height in children and adults 

The height of children, m contrast to that of adults, appears 
to be much more under the influence of environmental fac- 
tors, such as nutrition The one twin pair in Table 5 who 
differed by more than 1 5 inch in height were eleven and a 
half years old There has been an increase in the average 
height of the eleven-year-old London County Council school 
child of about 4 inches since the turn of the century. But 
over the same period it is a matter of dispute whether there 
has been any increase at all in the height of the fully adult 
Englishman or woman of the age of twenty-five. If there has 
been any increase it is only of the order of 1 inch. What 
environmental improvements appear to be doing is, in the 
main, to accelerate growth, so that full adult height is being 
reached earlier. Puberty is being reached at a steadily 
younger age in both boys and girls and almost full adult 
height in men is being reached on the average at eighteen or 
nineteen years of age, while fifty years ago this was true only 
of men in the most favoured social classes. 

There are differences still in the height of men and women 
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in the different social classes, but much of this is probably 
genetically rather than environmentally determined and may 
be due to a small but definite association between height and 
intelligence. This is indicated, for example, by the Sndings 
in a recent survey by the Department of Social Medicine at 
Oxford. Middle-class children, it was found, are on the 
average taller than working-class children. But working- 
class children who are selected for grammar-school educa- 
tion are, on the average, taller than working-class children 
who are not selected, and taller too than middle-class 
children who are not selected. Similarly, in Aberdeen re- 
cently, it was found that young women of working-class 
origin who marry young men in middle-class occupations 
are on the average taller than the remainder of their group. 
They are also taller than girls of middle-class origin who 
marry young men with working-class occupations. Some of 
the claims that the average height of fully-adult British men 
has increased can, in part at least, be explained by earlier 
maturity, for example, in the case of service recruits; some 
can be explained by intelligence and social class differences, 
for example, when the height of undergraduates is compared 
with that of their often working-class fathers. 

Other claims for an increase in height can be explained by 
the well-established fact that men and women who migrate 
from their place of birth tend to be taller (and more intel- 
ligent) than those who are not so mobile. Records from the 
armed services, the prisons, and anthropological surveys 
suggest that full adult height has not changed by more than 
one and a half inches for the past century. Estimates of 
stature in early periods have to be based on skeletal remains. 
These are often scanty and the series may be to some extent 
unrepresentative. But they suggest that there has been little 
appreciable change in height in Britain over the past 5,000 
years, and probably little change for a much longer time 
still. Estimated average height for men of the Old Stone Age 
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in western Europe is 69 inches, in Britain in the New Stone 
Age 66 inches, in the Bronze Age 68 inches, in the Iron-Age 
Celts 66 inches, in Anglo-Saxons 61 inches, in the Middle 
Ages 66 inches, and at the present time from 67 to 68 inches 
In different parts of the country. It would seem that not only 
Is adult height largely genetically determined, but that the 
natural selective forces operating on height must have been 
fairly constant over the last 5,000 years. 

Studies of the udientance of height fwm fathers to sons 

The earliest systematic family studies of the inheritance of 
height are due to Galton, and his successor Pearson, at 
University College in London. It is regrettable that no simi- 
lar study has been made in the last fifty years. Galton and 
Pearson compared the heights of fathers and sons, and of 
pairs of brothers. They found that the sons of tall men 
tended to be tall, but not so tall as their fathers, and the sons 
of short men tended to be short, but not so short as their 
fathers. In each case the sons showed considerable variation 
in their height, but their average tended to be half-way back 
towards the average height of the general population. This 
is shown in Figure 33. 

The true relationship is shown as a continuous line, the line 
of no relationship is shown in unequal dashes, and the line of 
complete resemblance is shown in equal dashes. The true line 
lies half-way between the other two. Galton coined the term 
‘regression’ for this tendency of son’s height to ‘regress’ 
half-way back towards the mean of the population from the 
height of his father.* 

This regression to the mean by half is just what one would 
expect in multifactorial inheritance, provided that the action 

* Galton’s ‘ratio of regression’ and the modern ‘regression coefiS- 
cient’, however, measure the proportion in which sons, on the average, 
are less exceptional than their fathers. So a regression towards the mean 
of three-quarters means that the ‘regression coeflScient’ is one quarter. 
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Fattiers' heights 

33. Regression to^^ards the mean of son's height on father’s height 

of the genes is additive, without dominance, and provided 
that there is no tendency for tall men to marry tall women 
and short men to marry short women. With multifactorial 
inheritance a tall father, transmitting only one of each of his 
23 chromosome pairs to his son, will on the average transmit 
only half the genes which made him exceptional. The 
mother’s contribution, if there is no tendency for like to 
marry like, will be centred on the average, and so the son’s 
height will tend to be half-way between that of his exceptional 
father and the average. This is readily seen if we presume 
again that a single gene pair controls height with alleles H, 
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hj, and of which /Thas a frequency of one half and tends 
to the production of average height, hj has a frequency of, 
one quarter and tends to increase height by 2 inches, and 
h 2 has a frequency of one quarter and tends to reduce height 
by 2 inches. The tallest men on this system would be 72 
inches tall, having the genotype hjhf The distribution of 
height of their sons can be read from Figure 34. The sons 

^ Mother's chromosome 

I (\)H 

p 1-2 0 

*5 

% h. (i) d) 

■£ +2 72 70 



34. Heights of sons of 72-inch tall fathers on 
the one gene locus theory 

average 70 inches, half of them being this height; a quarter 
are as tall as the father, and a quarter the average height of 
the general population. In the same way fathers of height 70 
inches would on this simple hypothesis have the genotype 
h,H and their sons have the heights shown in Figure 35. 



Mother's chromosome 



35. Heights of sons of 70-inch tall fathers on 
the one gene locos theory 
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The sons have the distribution one-eighth 66 inches, three- 
eighths 68 inches, three-eighths 70 inches, and one-eighth 72 
inches. It is worth noticing that one son in eight in this 
group is taller than his tali father and another one in eight 
is shorter than the average of the population. 

The effect of many gene pairs behaving in the same way 
would be to produce a range of sons’ heights normally dis- 
tributed about an average half-way between that of the 
fathers and the general population. The same relationship 
will hold between the heights of mothers and daughters and 
also, if due allowance is made for sex differences, between 
mothers and sons, always assuming that there is no tendency 
for like to marry like, and that the effects of the gene for 
height are additive. 

It is important to note, as Gal ton did, that the tendency 
for sons’ heights to regress half-way to the mean from 
fathers’ heights does not imply any reduction in the variation 
of height in the next generation. This variation depends 
essentially on the gene frequency, somewhat modified by 
the amount of assortative mating. Neglecting for a moment 
the small amount of assortative mating for height, and tak- 
ing again the simple model of three alleles H, hj, and h 2 con- 
trolling height, the distribution of height in both fathers’ and 
sons’ generations will be as in Figure 32. The resultant re- 
lationship between fathers’ heights and sons’ heights is as in 
Figure 36. The sons’ heights and their frequencies are shown 
in the squares of the chequer-board and also in the histo- 
grams. 

From this it can be seen that the distribution of sons’ heights 
is like the fathers’, one-sixteenth at 72 inches, four-sixteenths 
at 70 inches, six-sixteenths at 68 inches, four-sixteenths at 
66 inches, and one-sixteenth at 64 inches. It can also be seen 
that only one-quarter of the tallest, 72-inch sons are bom to 
the tallest fathers, the moderately tall 70-inch fathers provide 
one half of the tallest sons, and the other quarter are the 
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36 The constancy of the d'stribution of height from one generation to 
another despite filial regression 


exceptional sons of average fathers. Only one son in twenty- 
four bom to average fathers would be 72 inches tall on this 
model, but since average fathers are the most numerous 
group they contnbute one m four of the tallest sons, and 
also one in four of the shortest sons. 

The regression to the mean applies from exceptional sons 
to their fathers, as well as from exceptional fathers to sons. 




IM HUMAN HEREDITY 

The average height of the fathers of 72-inch sons is J(72 + 
70 -j- 70 -f 68) or 70 inches. Similarly, the average height of 
the fathers of 64-inch sons is i(64 4-66-1- 66-1- 68) or 
66 inches. 

Effect, in theory, of assort ative marriage on the resemblance 
of fathers and sons 

In so far as there is a tendency for like to marry like, on a 
simple additive multifactorial theory for the inheritance of 
height, one would expect less regression to the average of the 
population. One would expect instead that sons’ heights 
would be distributed about a point mid-way between those 
of the exceptional fathers and those of the mothers, when the 
mother’s height has been converted into its masculine equiva- 
lent.* For example, if, when fathers were 72 inches tall 
mothers on the average were 66 inches tall - which is about 
equivalent to a man just under 72 inches - one would expect 
no regression towards the average of the population and the 
sons to average 72 inches tall. Again, if fathers of 72 inches 
married women equivalent to men of 70 inches, the sons 
would average 71 inches tall. The regression in this case is 
only a quarter of the way back to the average of the popula- 
tion instead of the regiession of a half that takes place when 
there is no assortative marriage for height. There are no 
recent studies of the amount of assortative marriage for 
height. A small degree probably occurs, though much less 
than, say, for intelligence, and this will tend to reduce the 
regression towards the average of sons’ height from fathers’ 
height. 

Effect of dominance on the resemblance between fathers and 
sons 

The assumption we have been making that the effect of the 

* Galton observed that this conversion might be made by adding 
1 inch for every foot of a woman’s height. 
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gene is additive and that there is no dominance or recessive- 
ness between the alternative forms of gene is probably also 
incorrect. There is a distinct suggestion, for example, that 
certain genes for shortness are dominant to genes for tall- 
ness. One investigator in America, Davenport, found that it 
was more common for two short parents to have a tall child 
than it was for two tall parents to have a short child. This 
suggests that some short individuals may be heterozygous 
for partially recessive genes for tallness which do not affect 
their own height much, but which may affect any of their 
children who are homozygous for such genes. Understand- 
ably, the eftect of such dominance would be to increase the 
regression to the mean of heights of sons from their fathers* 
heights. The findings at University College that the regression 
is close to half may well be due to the effect of assortative 
marriage and dominance about cancelling each other. 

The amount of the effect of dominance depends on the 
relative frequency of the dominant and recessive alternative 
genes. Where they both have a frequency of one half the re- 
gression to the mean, from this gene-locus, becomes two- 
thirds, This may be seen if we imagine a pair of alleles 
controlling height, H and h, each with a frequency of one 
half H being dominant to h, and effects such that homozygous 
HH (one quarter of the population) and heterozygous Hh 
(one half of the population) are 1 inch below average height, 
and homozygous hh (one quarter of the population) are 3 
inches above average height. If the average height is 68 
inches the population would then consist of three-quarters 
who were short men of height 67 inches and one-quarter tall 
men of height 71 inches. The relation between sons’ height 
and fathers’ height, assuming no assortative marriage, may 
be seen from Figure 37. 

The average height of the sons of the 71 -inch tall fathers is 
seen to be 69 inches and the average height of the sons of the 
67-inch short fathers is seen to be 67^ inches ; in each case the 
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37. Relation between sons’ heights and fathers’ 
heights with dominance at a single gene locus 

regression to the mean is two-thirds. The same relationships 
apply if several gene pairs arc behaving in the same way. For 
example, let us imagine a second similar gene pair T and t, 
but in which the recessive homozygote genotype tt reduced 
height to 3 inches below the average, while TT and Tt were 
an inch above the average. This would, in combination with 
the first pair, give a population of men with a symmetrical 
distribution for height - three-sixteenths at 72 inches, ten- 
sixteenths at 68 inches, and three-sixteenths at 64 inches, as 
shown in Figure 38. 

With no assortative marriage the average height of the sons 
of 72-inch fathers would be 69^ inches as may be seen from 
Figure 39, one third of the taU fathers having genotype 
hh TT and two thirds genotype hh Tt, thus two thirds of their 
germ cells being of type bT and one third of type ht. 

Similarly the average height of the sons of the short fathers 
of height 64 inches will be 66^ inches. In each case the regres- 
sion towards the average of 68 inches is two-thirds. 

If the frequency of the dominant gene is, however, not 
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One gene pair 



mh 

{^)Hh 

{^HH 


+3 

-1 

-1 

(i)7T 

(Vs) 

(I) 

(A) 

+ 1 

72 

68 

68 

(\)Tt 

(i) 

(d) 

(i) 

+ 1 

72 

68 

68 

{i)tt 

(-A-) 

(d) 

(A) 

-3 

68 

64 

64 


38. The genotypes for height on a two gene 
Jocus theory, with dominance 


Germ cells of tall fathers 



mT 



(d) 

72 

(A) 

72 

(!c)ht 

(i) 

72 

(A) 

68 


(d) 

68 

(tV) 

68 

(i)Ht 

(d) 

68 

(it) 

64 


39. The heights of sons of tall 
fathers on the two gene locus 
theory, with dominance 
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one half but very low, it will have little effect on regression. 
Apart from assortative marriage, it will be most unusual 
for both parents to possess the gene. If only the father has 
the gene and so is exceptional because of it, he has a one 
half chance of passing it to his son, so that the effect of a 
rare dominant gene on the regression of son on father will be 
to tend to make it the usual half. On the other hand, if the 
dominant gene is very common, the exceptional fathers will 
be those who have the recessive gene for each member pf this 
particular gene pair. Such a father will always transmit one 
such gene to his son, but the gene from the mother, apart 
from assortative marriage, will nearly always be the much 
commoner dominant gene and in that case there is no resem- 
blance between father and son. The effect, then, of a gene 
pair with a very high frequency of the dominant gene is to 
produce no resemblance between father and son, that is to 
say complete regression to the average of the population. 

Regression of children's height from mid-parental height 

It is worth noting that with simple additive multifactorial 
inheritance there is no regression of the average height of 
children from mid-parental height towards the average of 
the population. There is a simple one to one linear relation- 
ship, and the distribution of children’s height is centred 
round the mid-parental height if correction is made for sex 
differences. But the regression of mid-parental height from 
child’s height is one half, and the correlation coefficient 
between mid-parental height and child's height is the square 
root of one multiplied by a half, that is 0*71. The effect of 
dominance is to increase the regression from mid-parental 
height to child’s height and also to make the relationship 
non-linear. For example, on the two alleles at one gene- 
locus hypothesis; the offspring of two tall hh parents will aU 
be equally tall; the offspring of short HH X HH and HH X 
Hh (also short) parents will be equally short ; but the offspring 
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of short Hh X Hh parents will be three-quarters short and 
one-quarter tall, and so on the average the children show 
regression towards the mean. 

Resemblance between other pairs of relatives from multi* 
factorial inheritance 

The relationships between other types of relatives on simple 
additive multifactorial inheritance depend on the number of 
genes they are hkely to have in common by virtue of their 
relationship. A father and son have, apart from the genes on 
the X chromosome, half of their genes in common becaujg^ 
of the relationship. A pair of brothers need not have half 
their genes in common, but will do so on the average, since, 
for each chromosome pair of their two parents, it is an even 
chance whether the brothers get the same chromosome or a 
different one. They may have more than half their genes in 
common and they may have fewer, but the deviations will 
tend to be equal on each side of a half and the average will 
tend to be a half. One would, therefore, expect to find the 
relationship between brothers is much the same as that for 
father and son. For height this is round to be so in practice. 
Pearson and later investigators found that the regression of 
the height of the brothers of exceptionally tall or exception- 
ally short men tends to be half-way back to that of the aver- 
age of the general population. The same is true of pairs of 
sisters and of sister and brother when allowance is made for 
sex difference in height. 

Relatives such as nephew and uncle have, on the aver- 
age, one quarter of their genes in common because of their 
relationship. If a man has a particular gene, there is a half 
chance that a particular brother or sister also^has it and a 
further half chance - a quarter in all - that his brother or 
sister will transmit it to a son. With simple additive multi- 
factorial inheritance one would expect to find that, starting 
with tall uncles, the average height of their nephews would 
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be three-quarters of the way back to the average of the popu- 
lation. Besides uncle-nephew, aunt-niece, uncle-niece, and 
aunt-nephew, other relatives who have, on the average, 
a quarter of their genes in common because of the relation- 
ship are half-brothers and sisters, grandparent-grandchild, 
and double first cousins (a pair of children are double first 
cousins when they are first cousins both through their 
mothers and their fathers). 

Effect of assortaiive marriage on the resemblance of brothers 

These resemblances, like those between parent and child, 
will be modified by dominance and the tendency for 
assortative marriage. For example, on the simple hy- 
pothesis of genes H, hj, and 1x2 with frequencies of one half, 
one quarter, and one quarter respecthely, and hj increas- 
ing and 1 x 2 reducing height by 2 inches, a tall man has the 
genetic constitution His brother has a half chance of 
inheriting the same hj gene from each parent ; the remaining 
half chance for the other gene from each parent if there is 
no assortative marriage is H or hj, or /i^, with probabilities 
of one quarter, one eighth, and one eighth respectively. The 
probabilities of each type of brother arc shown in Figure 40. 


One chtomobomc 



40, The heights of brothers of tall men on the one gene locus theory 
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The diagram shows that 25/64 would be 72 inches tall, 20/64 
would be 70 inches tall, 14/64 would be 68 inches tall, 4/64 
would be 66 inches tall, and 1 /64 would be 64 inches tall; the 
average height would be 70 inches and the regression half- 
way back to the mean. With assortative marriage the regres- 
sion to the mean will be decreased. It will still be true that 
the bi others of tall hjlij individuals will have a half chance of 
having hj on each chromosome in virtue of the relationship; 
but because of the assortative marriage the additional chance 
of getting h] from cither parent is more than an eighth. The 
effect is similar to that on the icgression of father to son 
but is somewhat complicated, increasing with the number of 
generations in which assortative mariiage has operated, and 
it cannot be demonstrated simply. 

Ejfect of dominance on the resemblance of brothers 

The effect of dominance on the resemblance between bro- 
thers will be to increase the amount of regression to the 
mean but not quite to the same extent as with father and son. 
For example, wheic the dominant gene is very rare and a 
man is exceptional because of it, his brother has a half 
chance of sharing this gene and is most unlikely to receive 
anothei gene of the same kind. As with father and son, the 
effect will be towards making regression naif and so there 
will be little effect of the dominance on the usual regression. 
But if the dominant gene is very common, then an excep- 
tional man is homozygous for the lare recessive allele and 
his brother would have a one in four chance of having both 
these genes. The effect would be to make regression 0*75 (or 
a thiee-quarters), and not 1 0 as with father and son. When 
the dominant and the recessive genes each have a frequency 
of half and, for example, the tall individuals have the geno- 
t 5 q)e hh and a height of 71 inches (and the short hH or HH 
and a height of 67 inches) then the brothers of these tall men 
will have a half chance of receiving the gene h from each 
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parent because of the relationship. The distribution of the 
brothers’ heights can be seen from Figure 41. Thus nine- 


One f;erm cell 



41. The distribution of height of 
brothers of tall men with domi- 
nance 


sixteenths will be tall and seven-sixteenths short, the aver- 
age will be 69i inches, and the regression back to the mean 
is seven-twelfths or 0-58. This may be compared with the 
regression of two-thirds or 0-67 which the same pair of 
genes would produce on the regression of sons’ height from 
fathers’ height. In fact, the regression to the mean found for 
brothers for height is close to a half and it may well be, as 
suggested for the father-son relationship, that there is some 
element of dominance balancing some degree of assortative 
marriage. 

The age of onset of genetic influence on height 

The weight or height of a baby at birth appears to be un- 
influenced by its genetic constitution. There is a relation to 
mother’s height, but this appears to be non-geneiic. The 
reasons for believing this are: there is little relationship 
between a baby’s length at birth and his ultimate height; 
half-brothers and sisters with the same father show no 
resemblance in birth weight, in contrast to half-brothers 



HEIGHT AND BUILD 117 

and sisters with the same mother; first cousins whose fathers 
are brothers or who are related through a brother and sister 
show no resemblance in birth weight, in contrast to cousins 
whose mothers are sisters. 

By the age of three however, there are indications that the 
genetic constitution for height is taking effect since there is 
a strong relation between length at this age and adult height. 
In a recent study by Tanner and his colleagues in which a 
number of adult men and women were measured who had 
also been carefully measured for the first five years of their 
lives by Professor Low in Aberdeen, it was found that the 
formulae which gave the best predictions of adult heiglif 
were; 

Men - adult height (in inches) = 1-27 x length at age 
three (in inches) + 21-0. 

Women - adult height (in inches) = 1 -29 x length at age 
three (in inches) + 16*1. 

But Tanner notes that because of the tendency for earlier 
maturity, mentioned above, these formulae probably give 
too high predictions if applied to present-day children. In 
individual cases this formula may predict heights up to 2 
inches above or below the height actually attained. 

From age three until about the onset of puberty, growth is 
fairly steady in that most children will move up in much the 
same relation to their fellows; a child that is about one stand- 
ard deviation above the average will, in most instances, 
remain in this position and, although no figures are available 
yet, it is probable that height at age three would predict 
height at age ten very accurately. 

At puberty, however, there is always a spurt in growth, 
and growth in height usually slows almost to a standstill about 
four and a half years after the start of this spurt. The age 
at onset of the spurt is an important factor in deciding adult 
height: the child who starts a spurt early from an average 
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height for his or her age will tend to be short; a child who 
starts late will tend to be tall. The age of onset of the spurt 
and of puberty is in part under genetic control, as shown for 
example in girls by the greater correspondence of the age of 
onset of menstruation in identical than in fraternal twins, 
and there is a suggestion that these genes are independent of 
those controlling height in early childhood. This has not yet, 
however, been fully studied. There are also variations in 
the amount of the puberty spurt which have not yet. been 
studied genetically; though it will be surprising if twin 
studies do not show here, too, evidence of genetic control. 

The time of onset of puberty is a reflection of the child’s 
maturity. A child who is going to reach puberty early may 
be recognized at any age from three onwards by taking X- 
ray pictures of the skeleton ; the wrist is particularly suitable. 
His bony development, in the sense that bone has replaced 
cartilage, is in advance of the average. It is found that the 
resemblance between pairs of brothers and pairs of sisters in 
childhood for height is increased to about the level of a 
regression to the mean of one half, if allowance is made for 
difference in maturity. Without such allowances the re- 
gression to the mean is nearer to two-thirds than one 
half. 

Therefore, when children’s heights are compared with the 
heights of their parents, it is to be expected that the resem- 
blance will increase as the child grows older and genes 
affecting growth successively exert their influence. A small- 
scale but careful study by Bayley in California relating boys’ 
height to the mid-height of the two parents (mother’s height 
corrected for sex) is illustrated in Figure 42. It can be seen 
from this diagram that the correlation rose from under 0-3 
in infancy to about 0-7 in the late teens. The maximum 
correlation expected from multifactorial inheritance with 
mid-parental height is 0-71 ; this corresponds with no regres- 
sion towards the mean of child’s height from mid-parental 
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hei^t, but a regression towards the mean of 0*5 of mid- 
parental height from child’s height. 



Ane m ypirs 

42. Resemblance of bo>s' heights to mid-parental height (after Bayley) 
Inhetitance of bod) -build 

The inhentance of bod> -build is of interest because there 
are indications that body-build is more related both to 
mental qualities and susceptibility to certain diseases than 
is height. The tendency of men of lean linear build to be 
intense and intellectual in temperament, in contrast to the 
cheerfulness and sociability of plump, broad individuals was 
well known to Shakespeare and no doubt much earlier too. 
It is also obvious, looking at pairs of identical twins, 
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and parents and their children, that body-build is quite 
strongly inherited. Genetic study has, however, been held 
up by lack of agreement on bow body-build should be 
measured. One factor in body-build is the relationship of 
the length of the bony skeleton to its breadth, length being 
measured by height or, almost as well, by the length of some 
of the long bones such as the shin bone or the upper-arm 
bone, while breadth is measured by the bony width of the 
shoulders or the hips. The genetics of this ‘linearity factor’ 
have not been fully studied. 

Other factors in body-build are those which determine the 
amount of muscle and fat. The thickness of muscle and fat is 
fairly constant in different parts of the body so that it can be 
measured, for example, by taking X-ray photographs of 
accessible parts of the body, such as the upper arm or the 
calf, where bone muscle and fat may be distinguished. The 
Oxford Department of Social Medicine has recently reported 
measurements of bone, muscle, and fat in young children 
up to the age of five years and their brothers and sisters. It 
was found that the amount of bone, muscle, and fat are 
quite independent of each other and so inherited independ- 
ently and that there aremarked resemblances between brothers 
and between sisters and between brother-sister pairs when 
correction is made for age. The regressions to the mean are 
less even than half, after the age of three, for muscle and 
bone and about half for fat. bat is, of course, much more 
influenced by diet. The finding that regression to the average 
is less than half for bone and muscle could be due both to a 
tendency for the parents to resemble each other and to com- 
mon family environment. 

Natural selection and height 

The average adult height of the races of man is, with few 
exceptions, between 62 and 70 inches for men and 4 to 6 
inches shorter for women. The range of average height has 
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been constant for a very long time and antedates the evolu- 
tion of our own species. The first fully erect and bipedal 
man-apes, the Australopitbecines of South Africa living 
about a million years ago, were, on the average, consi^- 
ably shorter than this, some species perhaps averaging as little 
as 48 inches. By about a quarter of a million years ago, 
however, the early men of Pithecanthropus type from Java 
and China were already of about the same height and build 
as modem man, and there has been no major change since 
in these characters, though there have been great develop- 
ments in other characters such as an increase of brain site 
and a decrease in size of jaws and teeth. 

An adult height of 62 to 70 inches has therefore, on 
balance, presumably selective advantages over heights above 
or below this level. There are several disadvantages of short- 
ness and generally small body size, but the disadvantages of 
tallness and generally large body size are not so obvious. 
One to which attention has been drawn by Haldane is that, 
generally speaking, weight is proportional to the cube of an 
increase of height, while the active strength of muscle and 
the passive strength of bone is proportional to the square of 
height. Accordingly, the legs of an elephant or rhinoceros 
have to be massive in relation to its body size, in comparison 
with the legs of a mouse and, even more, of an ant. In an 
activity demanding both strength and speed, such as boxing, 
men of about 71 inches and 13 stone can hold their own 
against bigger men, and on several occasions the world 
heavy-weight championship has been held by men who 
weighed only \2\ stone and who were natural light heavy- 
weights. In activities demanding endurance of wind and 
limb, such as marathon running, men of about 67 inches and 
9 to 10 stone can, in general, more than hold their own 
against taller and heavier men. 

Within the general limits of physical efficiency thwe will 
be regional variations in selective forces, though we are far 
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from being able to explain all tbe racial differences in height 
and body-build. Within Europe in general, the races living 
in colder climates are more heavily built. This physique has 
advantages in minimizing heat loss since it exposes less skin 
surface. The largest and heaviest element in the British Isles 
is thought to be the descendants of the Old Stone Age popu- 
lation of Ice Age Europe, most strongly represented now in 
the west of Ireland and the Scottish Highlands. The darker 
and more Ughtly-built element now best represented in horth 
Wales and the north-east counties of England is thought to 
be derived from Neolithic immigrants from the warm coun- 
tries bordering the Mediterranean. The Iron Age immigrants 
appear closest to the present-day British averages, while the 
preceding Bronze Age and subsequent Anglo-Saxon im- 
migrants were somewhat more heavily built and are thought 
to have contained more of the Old Stone Age strain. 

Cold due to high altitude has tbe same effect as distance 
from the Equator, and mountain dwellers from all parts of 
the world, the Alps in Europe, the Himalayas in India, and 
the highlands in Japan, tend to be heavily built. In contrast, 
dwellers in hot dry climates, for example in desert regions 
of North Africa and Australia, tend to be lightly built, 
with a large surface of skin in relation to their height and 
weight. A small direct effect of environment cannot yet be 
excluded, but probably the major part of these differences is 
genetically determmed. 



CHAPTER 7 


Intelligence 


Inheritance of intelligence 

The idea that intelligence varies from one individual to 
another and that this is in part inherited is old, but has only 
recently been investigated methodically. Galton put forward 
the proposition that there is a general mental capacity ani 
that it is inherited. He noted that many men of great achieve- 
ment in intellectual professions, such as the Law, Science, 
and Literature, had succeeded in spite of severe environ- 
mental handicaps. It was probable, therefore, that their 
exceptional gifts were in part innate. He also estimated the 
proportion of relatives of outstandingly capable men who 
were themselves eminent and he published his findings in 
a book entitled Hereditary Genius in 1869. 

Gallon’s findings were that the number of male first 
degree relations, that is fathers, sons, and brothers, of emi- 
nent men who were also eminent was as high as a quarter; 
many of the female relations of the same degree were also 
eminent. He thought it unlikely that this high proportion 
could be explained entirely by familial and cultural advan- 
tages; it was enormously higher than the proportion of men 
and women of similar education and social status who be- 
came eminent. Further, Galton noted that the proportion of 
eminent relations fell off sharply as one reached the second 
degree male relations of eminent men, that is grandfathers, 
grandsons, and uncles, although the proportion here was still 
much above the proportion one might expect by chance. By 
the time one reached the fourth degree relations, however, 
there was little remarkable about them. This sharp falling 
off, Galton suggested, is just what one would expect if 
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inheritance is concerned, but would not be expected to the 
same degree if the familial resemblances were en\ ironmental 

Both Gabon's propositions have since been challenged. 
In particular the American, Tiiorndikc, has championed the 
view that there is no such quality as general abilit>, only a 
number of special abilities The controversy continues, but 
most modern authorities for example Valentine in his 
Pelican book I he Notnuil ( In Ic/ and 1 ysenck in his Pelican 
book Uses and ihnses of P\\cholo{^\, bche\e that there is 
such a thing as ‘general abilitv ' which is of major imj^ortance. 
They also believe however, ih it there are ‘special abilities’, 
such as verbal ability ability tor dealing with numbers, 
spatial ability, and musiLal abilitv The general ability 
is close to that which we oidinarily think ot as ‘reasoning 
abilit> ’ 

Ihe other hypothesis, that general intelligence is to some 
degree inherited, has been challenged, perhap> chielh for 
emotional and political reasons Some educational enthusi- 
asts have been afraid that the viewpoint that there are 
variations m innate intelligence which are inherited may lead 
to the withdrawal of educational opportunity for children 
in certain social classes or ol certain ra^es In addition some 
unsophisticated men and women have thought that variation 
in intelligence must be eillur environmental ot genetic, and 
so, having shown that some of the variation is environ- 
mental, consider that the> have proved that there is no 
genetic variation 

Measwement of intelhuctue 

The study of the inheniance of intelligence has been simph- 
hed b> the introduction ol intelligence tests These were 
onginalh designed by the brenchman Binet in 1911, to 
distinguish those children whose educational backwardness 
was mainly due to inherent lack of capacity from the child- 
ren for whom other causes were more important. They have 
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since been used extensively in the field of ecMcation, particu- 
larly in this country, for the selection of children for different 
types of secondary school at age eleven. Their value here has 
been that, with varied standards m our primary schools and 
with varied home backgrounds, intelligence tests at age 
eleven have been found to be more accurate than attainment 
tests at that age in predicting a child’s performance in 
academic examinations at age sixteen. Such a test does not 
measure temperamental qualities important for success in 
school achievement, so most education authorities find it 
wise to use attainment tests and teachers' reports, as well asw 
intelligence tests, in allocating children to secondary schools. 
Many, too, find it useful to give more than one lest, since the 
kind of written intelligence test which can be given to groups 
of children is less reliable than are individual oral tests. Most 
of the tests involve speeial verbal ability as well as general 
ability and this may be no disadvantage in selecting children 
for most forms of academic education. 

The particular value of the intelligence test for genetic 
study is that it makes it possible to grade children in the 
middle ranges of intelligence, though this grading cannot be 
so accurate as for a character, such as height, which can be 
directly measured. There are various ways of scoring tests. 
Perhaps the best is the percentile rating by which, for ex- 
ample, a child with a percentile rating of 67 would be one 
who scored bcttei than 66 childien out of 100 of the same 
age. A more usual way of scoring is to assign to the child a 
mental age, which is the age at which the average child makes 
the same score. An intelligence quotient is then derived by 
dividing the child’s mental age by his real age and multiply- 
ing by 100. Thus a child with real age six years who scores as 
high as the average child of nine years would have an 
intelligence quotient (I.Q.) of 150; one who scored as low as 
the average child of three years would have an intelligence 
quotient of 50. 



126 


HUMAN HEREDITY 


Distribution of intelligence-test score 

Most intelligence tests, partly by design, give a distribution 
for intelligence quotients which is near that of a normal 
curve, at any rate down to a level of I.Q. 50. Below this level 
there are usually rather more children than will fit a nonnal 
curve, though this does not appear in the sample of Scottish 
children shown in Figure 43. The average is 100 by defini- 
tion, on the gtoup of childien on which the test is stan- 
dardized, but may differ m another group. The most 
commonly used indi\idual intelligence test is the 1937 Ter- 
man Merrill revision of the Binct test. This was standardized 
in America and when administered to a really random group 
of 1,207 clcvcn-ycar-old children in Scotland in 1947 the 
average score w'as not 100, but 102-5 (104 for boys and 101 
for gills). The standard de\ iation for the American series at 
age eleven was eighteen and for the Scottish series it w-as 
twenty. The distiibution foi the Scottish sample is shown m 
Figure 43. 

The intcliigcncc-test score expressed as cither a percentile 
rating or an intelligence quotient is reasonably constant over 
the years seven to fifteen for the same test, provided that it is 
piopcily standardized at each age. A few' children will show 
quite marked dill'crcnces when tested on the same test 
after a short interval. A few children will show a fairly steady 
gain between the ages of sc\cn and fifteen and a few will 
show a steady fall. Before the age of five and even more 
before the age of three intelligence quotients do not corres- 
pond closely with later results partly, perhaps, because test- 
ing is unreliable pat tly, perhaps, on the analogy of height, 
because genetic factors for intellectual development come 
into play gradually as the child matures. After the age of 
fifteen or si.\tcen the actual intelligence-test score does not 
rise, but remains fairly constant for many years. It has, 
however, a tendency to fall and the rate of fall varies, among 
other things, with occupation. After leaving school those 
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Intiillltx-nct, Ouotipm 

43. 1,207 Scottish cicscn-ycar-old children, a\tiagc I Q. 102'5 


who ate engaged in manual woik tend to lobC then ability 
to scoic on intelligence tests, fanly c]uickly; while those in 
non-manual occupations show little or no loss for a decade 
or even three decades; those going on to higher education 
may even improve their scores up to the age of twenty. A 
test at the age of fifteen predicts adult test scores fairly 
reliably. A test at the age of eleven has considerable predic- 
tive value as gains above and below the average level between 
eleven and fifteen will not greatly affect the total score. 

Intelligence-test score in twins 

The inheritance of intelligence-test score has been studied in 
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several different ways, tor example, m twins and families 
with adopted children The twin studies of Newman, Free- 
man, and Holzmger were Tientioncd in Chapter I. They 
found great resemblance between their fifty pairs of identical 
twins reared together. The fraternal twins were no more 
alike than non-twin brothers and sisters brought up in the 
same home These findings are summaiizcd in Table 6 


Table 6 A comparison of differences of f O scores in MZ (iden- 
tical) twins (reared together and apart) and DZ (fraternal) twins 
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The resemblance between the identical twins reared together 
IS nearly as gteat as one would get on testing the same batch 
of fifty individuals twice at an inters al of a month. The 
fraternal twins are no mote alike than non-twin brothers and 
sisters. The identical twins reaicd apart are rather more alike 
than fraternal twins or brotheis and sisters brought up in the 
same family. 

A detailed study of these nineteen twins brought up apart 
is most interesting in illustrating the effect of social and edu- 
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cational differences on mtelligence-test score The findings 
of the Chicago siiivey are given in Table 7. 

Table 7 A comparison of difiertnces in I Q scores in identical 
twins reared ipirt (from Woodwoith iftcr Newman, 
freeman and Ifolzingei) 
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In this table an 1 Q diflcrcnce is marked as negative when the differ- 
ence IS in the opposite direction to the educational advantage 


It will be seen from Table 7 that, superimposed on the 
general resemblances of identical twins reared apart, there 
are differences which can in most cases be related to diflfer- 
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ences in educational cxpciiencc and, to a lesser degiee, to a 
difleicncc in estimated social advantage It should be noted 
that, conveniently, a few oi these American pans had ex- 
perienced gieilcr difTciLnce n education than would be 
possible in Bruain In the pin at the top of the table for 
example one twin h id a umveisity degrei the othei had had 
only three yoais of clement iiy education Two Lnghsh 
series oi twins bioimht up ap irt one incluciinG; forty-two 
identical pins C('*]lcctLcl at llni\cisit\ College, I ondon, and 
anothei thiitN-cnzlit p ms collcetLci b\ an appe il on telcMsion 
and examined at tlie MauelsI \ Hospit d London, showed 
an c\en IiiUki identical fwin lesemblance In each case the 
coikI ilion coelhciLUt \ is ibi ut 0 S 

IIksl twin studies slu w cleiilv th it euictic lacti is arc 
impoitint 111 c lusm m ui ilion m mtelhacnce t t scene But 
thev ilso show Ih it loi nitclli »Lncc test s^cn^ much moie, 
ioi exunple ll in (oi 1 -lal einiionm Pt d dilkicnee m i\ 
be i c lusc o\ \ 111 itu n I Ills eiiMit i m^nl ilK c uistd \an i- 
t’on howc^Li willntU ip ii I lonn li uim i oi dis^ is^ iHeet- 
im iIk 1 I i 11 be n ni Ih n ibtnit IVvcnle pen its while the 
noiiii ll \aii Uion whie* teems ip i popnl tuni sp ns U !l ist 
lOd points 

RiStni' ^ /i(L in 1/ L III / t s(t/ts ui Inn faniilus 

Be. ilisl Oi IIksl en\ nonilleUt ll t, 11 eels studies ol the lesein- 
blaucLs td ulatiNcs iie nt t ‘-imple tt) inlLipiet In jenei il it 
seeiu^ ill It leaiessions low lids the a\erage ol the population 
aie nuiLh like tlu^se fe>i hei Mit I lie lean sion is about one 
Hill ioi hiotlKis <ind i ttis I oi eximpL m 1940 Rc bulls 
tounel a i egression ol close lo one halt m \ sur\e\ < I all the 
ten-\e ii-olel childien in B ith with their brothcis and sisleis 
ol se>Hn)! age I hus the a\eiage intclligenee of tlie brothels 
ot ehildien with IQ IS) is about 12^ and that foi children 
with IQ 70 IS about It is perhaps suipiising thit the 
legiession should be as much as h ilt in \icw of the common 
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family cmnonmcnt of biotheis and sisteis and in view of 
the fact that thetc is definite assoitative mariiage for intel- 
ligence. 

The regression towaids the a\ciage of son’s intelligence 
from father ■> or mothci’s iniellmenee is less well established, 
paitU ’lecuiscof thcimieliabilit\ of te'^tmg uliilt intelligence. 
Howovei a esmpaiison of ehildicn s intelligence with that 
of their fathei s occupation, .i«ain suggests a icgicssion of 
hah The aveiage IQ eif neii in the irajoi professions in 
tills eountn IS of the order of Hs on tile ferman Mcinll test. 
Foi example in the lh47 Seottish sui\e\ a Pinup test w<.« 
giseii to pel eeiit < f the ele\en-\eai-old ehildicn, about 
7,1()0 I'l ill! tnd a Kiiuan \'eiiill lest t > a landom simple 
of f -07 Ifieicweie f f t childieii of nun in the majoi pro- 
fession'. taking tlic pioup test and then aseiaec stoic was 
54 whieh toriespond> .ppi ixim 'riv to a Icimin Moriill 
1 Q of 122 Sinee the weiag.. I'ltelfu’Ciiee oi the bo>s taking 
the test was 104, this gi\es a ugressu n fo the mean of about 
0 "1 IneeiiticSt die Wei.'ge intelligenec SLOIC of the mis of 
un filled woikeis \ as tf |, coi> sp luting appi oximately 
to a let man "'’eiiill IQ of 9l,t!i-. oeiagc 1 Q. of men m 
unskilled oeeiipations is ibout 90 \. more diieet estimate of 
the legiession lioiii iiilelli'ent latlicis is go ell by leiniin’s 
study of gifted chddien in Califoima. He colleetcd a gioup 
of ehildicn with 1 Q s ovei I and an aveiagc I.Q. of 152. 
In 1945 these childien had giown up and it \/as possible to 
test 400 of their ollspiing The a\ei.ige stoic of the oOspiing 
was 12S, giving a icgiession towaids the mean of a little 
less than halt, if the \mericap average is taken as 100. As 
with biotheis, it is surprising that sons should regress nearly 
half-wa> in view of the similai env ironment of father and son 
and of assorfativc mairiage. 

It has already been explained when discussing height that 
the tendency foi regrcss'ion towards the mean of the popula- 
tion to occur from father oi mother to son does not imply 
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that the amount of \ariation from one generation to another 
will decrease Neglecting environmental factor'! it mil be 
exceptional for a man of avenge intelligence to have a very 
intelligent son But since there are a great numbei of average 
and near-average men their cxccptionallv intelligent children 
will form a substantial proportion of the intelligent men and 
women for (he next generation Regression to the mean is 
part of the icason foi the finding that about a thud of the 
sons of professional men do not reach a sufhcicntlj^ high 
intelligence-test score for admission to a grammar school 
and about hall do not themselves cntei a profession or oc- 
cupation of simil II social status It is also part of the reason 
for the finding that about h ill the children selected for 
gramnni -school education aie sons of skilled m inual vvoik- 
eis \n additional leason, hovvevei, for this social mobility 
IS that occup ition is onlv a rough guide to intcMigcnce 

Inlcllii'enct-u St scon in adopted chilcfr n 

In an attempt to get o\( i the dilhcultv th it much of the re- 
semblance between Hell lelitives m iv be due to common 
familv » nviionment i numbei ol psveliologuts have at'emp- 
ted studies ol adopted or loster children f hev have ulated 
the test se iics ol the leiopicd childieii to the oceiipations of 
their adopting paidits and wheic possible then natiiial 
parents A dilhcultv here is the tendency oi some adoption 
societies to ti) and match natuial and adopting parents by 
placing the child of a middlt-elas-< mother in a middle-class 
adoptive home, and that of a working-class mother m a 
wc)rking-cl iss adiptive In me In geneial these studies of 
adopted children aie ag'ccd in showing a relation between 
the ad<ipted child s test seoic and the occupation ol the 
adopting father or the cdueitional level of the adopting 
mother This will be due to environment or selective placing. 
These studies show, however, that this relationship is much 
less close than that between the adopting father or mother 
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and their own children, even when the adopted children 
were adopted m infancy 1 he findings of one such American 
study by I eahy arc reproduced in Table 8 In this study all 
the children were placed in their foster homes befoie the age 
ol si\ months and were tested between the age of fiye and 
fourteui Tlieie was thought to be lelaliydy little selective 
placement 

Fable t A comparison bet vecn lather’s occupation and I Q. 
test score ot his own and his adonted children 
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Among the adopted childien with piobabh only environ- 
ment ildiflciciiccsat woik the laiigcofmtcll gcncc by father’s 
occupation is a little less than five point' In the natural 
children, whcie genetic as well as environmental influences 
aic opeiating the range is ovci seventeen points, more than 
thiec times as much I he natuial childien of professional 
men are, on the avciage, signilicantlv moic intelligent than 
their adopted biothcis, while the natuial children of un- 
skilled workei s are >igiiificantlv less mlclhgcnt than are their 
adopted brotheis The possible importa,nce of environ- 
mental influences before birth should not be forgotten, but 
there is no reason at the moment to altiibule much import- 
ance to them in relation to intelligence. The high average 
intelligence of both groups of children in this study is strik- 
ing and probably reflects the skill of the agencies arranging 
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adoptions in choosing parents who provide a good environ- 
ment both for their own and their adopted children. 

The studies of the intclligcnc Mest scores of adopted chil- 
dren in relation to the intelligence of their true mothers lead 
to much the same conclusions One of the most interesting of 
these was a stud> in \mciica by Skodak and Skccls in which 
the educational status and the mtclhgcncc-test scote of the 
true biological nivUheis weic available. 1 he childisn were 
placed in the adopting homes at the avLiage age of thice 
months with appaientli little selective placement. They weie 
tested on foui occasion^ (Wci a ^pan ol ten to thnteen >eais. 
The educational status but not the int^Migcncc of the adopting 
parents was known. \s with utliei studies, tlKie was a small 
positive iclatinn Inp bLlw<.v.n the child score and the 
occupation an<l ccbication oi tliv adopline paicnts. 

This relation diip did ruM iiuiea .e tis the child grew older. 
On the oihei hand die (ud'r i«l tlu child»cn\ '•cores became 
incicasiimlv related t ) tliat ol tn natural mother's test score 
as the childien arew ohii.r allhou;_!i the\ Iiad had no contact 
with then natural nnUhLi'^* siiKeeailv intanev. This incieas- 
ing icsemblance m i\ reasonabK be attributed to the /ii- 
incieasing inlluence ol iienetic laetors on intellectUtil develop- 
ment as the child glows. 1 he lined eoiielation between the 
children's order of intelligciKe and that of their natural 
mothers was 0 4, which l^ neailv as mach as one iinds be- 
tween true motliers and the childien tlie> have brought up 
themselves The lelations aie shown in f igiire 44. 

\ second important Imding in this American study, this 
time showing environmental inlluence on intelligence-test 
score, was that, although the order in which the children were 
placed b\ the test was related to tint in which their mothers 
were placed b> the same test, the children's scores as a whole 
weie lifted well above that of their mothers. The mothers, 
who had mostly grown up in unfortunate circumstances, had 
an average I.Q. of 86. One might have expected therefore 
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44 \(k pled cl ildicn s I O uLilcU to t‘ic I O aiid tduc ilion ol then 
niUiiiil nioiheis t nci the lcIik \tj >n ol d lii culoptinr ipolhcrs ( iftcr 
Hon/il horn'll odd i d SI ee*s) 


that O' on allowing tor cnxnopmuital dcpiession ol the 
mother s ‘>cojcs tlu childicn ^ t 2 «.nciic compoiKnl lor intel- 
hgcncL woiiki n. i little below a\ In tact them average 

eeoie wa^ well iib(ne a\^i »je I T at age six and still above 
a\era<^e n imeK 106, at ae^ thiite n APowing for some 
en\ iionmental clej'^iession ol llie mothers' seoics, it would 
seem likcK that ine ehildrcn s secures had been lifted b\ the 
eood liomes provided bv the adoninm parent > some ten 
points above the level (.)ne would have expeeted fiom the 
oidinaiv icgies^ion « 1 child ^ seoie on one parent\ core. 

Siimmimz up, one mav ww that die exidence from twin 
studies and Irom studio.'' of adopted ehildren suggests that 
mueh ol the variation m general intelligence among school 
childicn as measured bv intelhgenee-test score is due to 
variation in genetic endowment, but that an appreciable 
amount is also due to variation in educational experience and 
home background Probablv more than half the variation 
in Britain toda> is genetic, and this pioportion will increase 
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as educational opportunity and the standard of living be- 
come more uniform. 

Mechanism of the inheritance oj intelligence 

The mechanism of the inheritance of general intelligence, in 
view of the part played by environment in determining 
intelligence, will not be easy to unravel. It is probable 
that numerous genetic factors arc concerned in much the 
same way as for height, and, in fact, most of the resemblances 
found between relatives are close to those which would be 
given by simple niultifactorial inheritance, without domin- 
ance and without assortativc marriage. Hven more than with 
height, however, this nice agreement with theory must be due 
to the mutually balancing clfccts of modifying factors, gene- 
tic and environmental. On the genetic side, as with height, 
assortative marriage will tend to lessen the tendency of rela- 
tives to regress towards the mean of the population, while 
dominance will tend to increase it. On the environmental 
side, common family background will also tend to increase 
the resemblance between relatives; but damage to the brain 
during intrauterine development or at birth, which, in major 
degree, causes severe mental deficiency may, in minor degree, 
lessen the resemblance between relatives. In addition there is 
a greater margin of error in measuring intelligence than, for 
example, in measuring height and this will tend to lessen the 
resemblance between relatives for intelligence-test score. 

Inheritance of special abilities 

Not much is known about the inheritance of special abilities, 
partly because tests to measure these abilities are not yet 
fully developed. There are individual families in which 
special talents have occurred more frequently than could be 
due to chance and at a level of distinction which could hardly 
just be due to family influence and example. For instance, 
the mathematicians in the Bemouilli family, the musicians 
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in the Bach family, and, in Britain, the scientists in the Dar- 
win family. Britain’s highest distinction for scientists is 
Fellowship of the Royal Society and each ol the four genera- 
tions of the direct male descendants of Liasmus Darwin, 
himself a Fellow, has contained one oi more Fellows The 
sciences of evolution and genetics owe much to this English 
country doctor, as Charles Darwin was one of Ins grandsons 
and Hrancis Galton another. But caution is needed in draw- 
ing conclusions from indnidual pcdigiees, such as those in 
figures 45 and 46. Quantitative methods are needed for 
analjsing and measuring special abilities before their inheri- 
tance can be cllcctivcly studied. In part, such pedigrees are 
due to the inheritance of cencral iniclligciice and the influ- 
ence of the home. 

hihentimcc oj (.haiacteiistk'\ of penonality 

The Same diHiculty in mcasuiing holds, at present, for the 
inheritance of facets of person ility other than intelligence. 
Fjsenck has put forward evidence lor a dimension of per- 
sonality ranging from marked in' ovcision on the one hand 
to marked extraversion on the other’ a twin study has indi- 
cated much greater resemblance for idcnti 'al than fraternal 
twins in scores on this dimension and s-' indicated some 
degree of genetic determination. Similarly, Eysenck has 
presented t'-vin evidence that genetic factors arc important for 
another dimension of personality which corresponds to 
neurolicism. 

One should perhaps be especially cautious in attributing 
similarity in personality in identical twins reared together, 
to their identical genetic constitution. The similarity of their 
habits and interests may be a strong environmental source of 
resemblance in personality characteristics. It is interesting, 
therefore, that the preliminary report on the thirty-eight 
British twins reared apart, usually from birth, collected by a 
television appeal, shows a definite resemblance for assess- 
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nicnts both of introvcrsion-cxlravcrsion and ncuroticism for 
the identical paii>, though the resemblance is less than the 
high degree of resemblance found for intelligence-test score 
in this group 

Si/ict n cifh/ // 7/ ^cficc - flit past 

faking the loiig \ie\\ o\ci hundreds of thousands of jears, it 
IS ob\ious that in the e\olution of man there ha^ been a 
steady selection lor intelligenee The two mam indieations 
are an increase in brain si/c, shown b\ the aitcrnal cubic 
eapaeitv ot fossil skulls, and the im]')ro\ements in techniqifts 
of making tools and weapons I he rcl itionsliip between 
biciin M/e and intelligenee i> not ek sc, but th^re is a relation- 
ship The lelationship between eiilture inci iiPeMigencc is 
ako peril. ips, not \cr} elo^e bee u'se e\en under pi imitive 
eond'tions one group ol men could Lain lechniques Irom 
arothei and peihap, impio\e on them witlHiut neeessaiily 
being more imelligent But, taking both bi on iz^ ami cul- 
Uiie tocethei it seems likcb that the nueliigeiicc ol nnn\ 
aiiecsiois improxed sie idih beUvccn ’he unic ol theeailiest 
\u tialopiiheeme ape-men poihaps I 000 000 years ago, 
and the cailiesi men who weic undoubi 'dl\ ol our own 
sp^Lics appealing in the econd hall ol the louilh and last 
lee \ge about 2^ 000 \eais a<Hi 

I Ik a\erage brain si/e of modem men and women is about 
1.400 cubic centimetres (i e 2^ pins) Tlie \iistiaIopithecines 
had a brain size, on the ucrage of only .ibout ''>00 cubic 
Centimetres (i c 1 pint) ol much the same order as that of 
piescnt-day gorillas Unlike goiillas, however, it is now cer- 
tain that some of the \ustialopithceines were tool-makers 
and were responsible for the simple contemporary manu- 
factured stone tools to be found in South \frica The Java 
and Pekin ape-men of about 250,000 years ago mostly had 
brain sizes of the order of 900 to 1,300 cubic centimetres. 
The Neandcrthaloids, who were dominant m Europe and 
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Asia at the end of the third inter-glacial and the first half of 
the fourth Ice ^ge up to about ^0,000 years ago, had brains of 
modern si/e The men ot our owi species who replaced them, 
perhaps with some idmixlurc also had brains of lull modern 
si/e 

There arc IIrkIoic no an itomical indications of any 
increase in mlellmcncL since Uk middle of the last Ice Age 
and e\cn on the cultar il side these ancient I uropcans were 
as advanced is sever il primiti\e peoples of the present time 
On the cultural side U is \cr\ ditlicult to relate achievement 
to intclligcnee over this pciiod It is clear that the men and 
women in the Near 1 asl from about 9 (X)() to 6 0(K) \ears 
ago who m ide the Neolithic revolution must have included 
some individu ils ol great natuial ability I hev invented all 
the mam elements ol our piesent-da> culture a<^riculture, 
stock-keeping buildiniMn storn weaving potterv and writ- 
ing lhrou<du)ut the historiCiil period, written records show 
that in cert nn times md places there have been men and 
women who pci haps m particularl\ lavourable circum- 
stances, have cn able to show intelligence comparable with 
an\ thing loiind todav I his is mostclearh seen m fields such 
as ait, religion, and philosophv which depend most on the 
creative thought oi e ich individual rather than the assimila- 
tion ol c<nliei advanees 1 he education ot some of the 
brightest oi prescnt-da\ undergraduates can uscfuli\ be 
based on the writings ol poets and philosophers of ancient 
civilizations I here aic, then, no cleir indications of a ri.e in 
average intelligence in historical times 

One might have e\pected intelligence to have continued 
selective advantages in man and this apparent lack of ad- 
vance in intelligence for man> thousands of years is perhaps 
surprising One suggestion to account for it is that brain size 
at birth is limited by the size of outlet of the mother’s pelvis 
througli which the baby's head must pass. One would have 
expected, however, that the size of the pelvis in women would 
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be capable of responding further to selective forces by further 
increase in size. A second suggestion is that selection for 
intelligence has been intense in the past and a plateau has 
been reached which makes full use of the available genetic 
variation. In that case, apprcci.iblc further advance would 
depend on the slow accumulation of new variation from 
gene mutation. The situation would be similar to that which 
now holds for milk yield in -bome of the best herds of dairy 
cows and for egg production in some of the best flocks of 
poultry; But there is still a great deal of genetic variation for 
intelligence in all populations and, if this latter theory were 
correct, one might expect the averace man and woman to 
be much nearer the level of the cleverest. 

A third and important suggestion is that the situation for 
intelligence is much the same as that which we have sug- 
gested applies for height. That is to say, that the man or 
woman of average intelligence is intrinsically biologically 
fitter and has more surviving children than either the dull or 
the clever. One way that the bright might be less fit is that 
cleverness might be associated with poor physical health. 
It is. in fact, a widely -held popular belief that clever children 
tend to be inferior m health and strength to tne average child. 
But studies on this point have shown that tiiis is not the case 
and that clever children arc, in general, healthier and 
stronger than the average. 

Another way that the clever might be less biologically fit 
is that they might tend to be physiologically infertile. There 
is little general evidence on the relation of infecundity, that is 
physiological infertility, to intelligence. Galton noted that 
where there is inheritance of property, one way of rising in 
the social scale, alternative to having ability, is to be a mem- 
ber of an infertile family and inherit money. He drew atten- 
tion to the number of English families that came to an end 
in the direct male line, through marriage to heiresses. The 
reason he suggested was that these heiresses are only heir- 
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esses because they have no brothers or sisters with whom to 
share their parents’ property. It is doubtful if processes of 
this kind have occurred to a suffk ‘ent degree to produce a real 
genetic association between ability and infecundity. It is 
much more likely that any association of intelligence with 
infertility is due to the ability of intelligent people to plan the 
size of their families rather than leave this to nature. 

Cunen* ticihls - diffcrciUial fertility by \aci il class 

Since reliable statistics became available about a hundred 
years agi), it has been noted in Britain and other countries 
with a similar culture that there is a snaking relationship 
between social class and family si/e. for most of this period 
the relationship was iinoise and consistent; tiie lower a 
man’s social class die gi eater, on the average, was his fer- 
tilitx. .Mthougli the dilleren: occupational classes include 
men of a wide range ol intellectual ability, there is, in 
general, a direct relationship between oceiipation and intel- 
ligence as measiiied. Il is probable that part of this rclalion- 
.ship is with genetic endowment for intelligence. The inxerse 
relationship of average family size with class suggests, there- 
fore, a Icndeney for the more intelligent men to have fewest 
childien. This inverse lelationship was already present in the 
lS50s. Il became more marked in the second half of the 
century and has, until rs'cently, remained fairly constant in 
spile of the fall in the birth-rate of all classes. Estimates from 
the Familv Census of 1946 of the average size of completed 
families of non-manual and manual workers in Great Britain 
for three periods are shown m Table 9. 

Tlie figures take no account of the dilferenccs in the propor- 
tion of men in each group who are married, but this would 
not greatly alter the fertility ratio. The changes in total fer- 
tility in each occupational group must be due to the spread 
of the practice of family planning; they arc much too rapid 
to be due to changes m genetically determined fecundity. 
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Table 9 Secular change in family size by social class 
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1 41 
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I liL non manual woikcis in 1900 9 \^cK having moic clul- 
fiun ill in manual \\(MkLis \\lil hiviim m 192S-9. At thS 
piLSLiil time IIkilIoic an\ IliuIlik^ loi genes cklci mining 
inklk^luil biiHilPtss to bv assoLialed with Irenes dctcr- 
miniim 1 imih sizl will Hl wiih pciks alkctmi: the ps^cho- 
lo<Mc il and social dctci nun int'> ol lamiK ^17L, lathci than 
12 iKs contiollmg Iccundilv il is diilicult lo s ly jiist how lar 
hick into the histoiv ol Hntain bc\ond hSsO this tcndenc> of 
tliL iippLi s( Cl il cl issLS to pi IP ni ill I muiIils uocs ind to 
\ 11 lUxlcHi ilWtis iCv.onip lined b\ isinulp iLiidciicv loi the 
ni< u ii)l».lli<^LiU \ illiiii each soci lUi is (o pi in then lamilics. 
OlniOLish ho\\L\Li siiic^ iiVlPi liU indiMdii ils tend to use 

II tiiL soci il sc iL Kilililv ddkiciKL bLiwcLii social classes 
nipdit counn.iac un tcnd^ncv ol natuial iicction to favoui 
hUlIIp ^iit indiMchi ils 

It I'l inlcKsting lo nil however that the lelUionship 
between oecup itKHi il el iss and Uniilv si/e ippcai^ to be 
chiipung in mote leeeiit vt iis In the I9S1 ( eiisus nf I ng- 
1 Mid ind Wales the ImuKs loi the Icitilitvoi n allied women 
lelaled to then liu band's oeeiipilion show that it is still 
tiLie that the wives ol manual woikeis have moie children 
than non-manuak and that wives of the unskilled have 
more than wives ol skilled m inual woikeis The liguies 
^Inw, however, th it ior the moic iccent mairiages in the 
non-manual groups there is no longer an invcisc but a 
diiect relation with fertility I he vvives of men in the major 
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professional and managerial occupations are having more 
children than those m minor piofcssion'^, who in turn have 
more children than those in tlerical occupations. Though 
the families oi Uksl men an not complete and the 
figures take no account of the proportion ot men not mar- 
ried they sLiacest Ih it lor j')Hents who dLliberatelv plan 
their f n i’ si7e theie is a po^iti\L issocnlion between 
intellnenLL md kitilitv I he inveise lel ilionship piob^bly 
exists onl\ lor iinpl inned ehildit n 

A siniil II proees-. w u noted m Cieim in\ ind Sc inclinavia 
even beloie the Second Woild VV ir nd in \meiiea since 
the war Ihe findini^s in the I9sl ( eiisiis ol I ngland and 
Wales tor maiiuuzes which h i\e listed ^even \e iis and ten 
to foul teen >^ais <ue shown in lable 10 Ihe limitation to 

Table 10 A\erage I imily si/e ol women under liltv years of age, 
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husbinds soeio economic el iss 1 ngl ind ind W lies 19*^1 
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women under fifty means that a few women marrying late in 
life are excluded; for example all women marrying at over 
the age of forty-two are excluded from the table for marriage 
duration of seven years. The inclusion of these women would 
only slightly alter the relative fertilities of the different 
groups. 

While, on the average, families are four-fifths complete 
after ten years of marriage and nine-tenths complete after 
fourteen years of marriage, it is the wives of the semi- 
skilled and unskilled workers in this sample who, judging 
by past experience, will be having most children in the re- 
maining years of their marriages. The positive relationship 
between socio-economic class and fertility in the non- 
manual group in this sample will, however, mostly remain 
unalleied. 

Similar trends have been noted in American national 
statistics, where the diflerenccs in fertility by occupational 
class and even moic by educational status have lessened 
appieciably between the censuses of 1940 and 1950. Table 11 


Table II. White women aged thirty-five to th..’ty-nine, married 
once and husband present: urban aicas o^U.S.A. 1950 
Census, 3.3 per cent sample 
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shows, for the urban areas of America, the average family 
size for white women aged between thirty-five and thirty- 
nine in 1950 by the occupation, of their husbands, together 
with the peicentage change in the average family size since 
1940 and the percentage with families of each size. 

The differences infertility within marriage are still consider- 
able in 1950, but are much loss than those of 1940. Looking 
to the futuic. It is to be expected that the number of large 
unplanned families in the manual working groups will fall 
steadil>, and that ultimate difleicnccs in fertility by occupa- 
tion will depend mostly on the iclatnc proportion of tw'o-, 
Ihice-, and foiii-child families in each group. 

1 he census data on the feitility of married women accord- 
ing to the amount and tjpe of education they ha\e leceived 
aie given in I able 12. 

Tabic 12. I vcr-mained white women aged lhirt>-li\e to 
thiity-ninc. urban aieas ol LIS A. 19^0 Census, 

3.t per cent sample 
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Similar trends again are seen in the French 1954 Census, 
in which at ten yeais mairiage duration, the professional 
class had larger families than any other non-manual occupa- 
tional class. 
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Children's test scores in relation to their family size 

Several studies have been made, both ia Britain and the 
United States, relating a child’s intelligence-test score to the 
number of his brothers and sisters. The largest-scale investi- 
gation which collected information of this kind was the Scot- 
tish Mental Survey of 1947, but similar results have been 
obtained in smallcr-scale English and Ameriean surveys. 
The finding of the Scottish Survey was that the more brothers 
and sisters a child had, the lower, on the average, was his 
test score. This shows up on the w'holc sample, given a« 
group intelligence test, and also on the sample of 1,207 
children gi\cn the more accurate individual Tcrman Merrill 
test. The relation between numbet of brothers and sisters and 
Tcrman Merrill T.Q* can be made for completed families 
since the inquiry was made again when the clevcn-year-old 
children had reached the age of eighteen. The relationship is 
shown in Table 13. 


Table 13. Relationship between the number ot a child’s brothers 
and sisters and liis Terman Mcrill I.Q. Scottish Survey, 1947 
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Children’s intelligence is in part an indication of that of their 
parents, so these findings suggest, like the findings of fertility 
in relation to occupational class, that the duller parents have 
the most children. Further, this would appear to be true with- 
in each occupational class. Two possible objections to this 
conclusion are: firstly, that a survey through children takes 
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DO account of men and women who have no children at all; 
secondly, that the mere fact of being a member of a large 
family tends to depress the environmental component of 
intelligence-test score. Both objections are in part valid. The 
effect of being a member of a large family appears to apply 
most strongly to the verbal clement in intelligence tests. The 
reason suggested for this is that the smaller the family the 
more the child speaks to and is spoken to by his parents. 
The exclusion of the unmarried and the childless may also be 
important, since, though there are no great differences in 
marriage rates between socio-economic groups, it may be 
the less intelligent in each group who tend to remain single. 

A comparison of children's intelligence in a large population 
after an interval of fifteen years 

Only one large scale direct measurement in the intelligence 
level of school children has been made. The Scottish Survey 
of all school children aged eleven years in 1947 may be com- 
pared with a similar siiivcy of all children in 1932. This 
shows a ver)* small gain in average intelligence-test score over 
the fifteen years. The gain is perhaps less than one would 
have anticipated if genetic factors had remained constant, 
in view of the improvements in environment over this 
period and the reduction in average family size. These en- 
vironmental improvements have been sufficient to raise 
average height in ele\cn-year-old school children by more 
than an inch and weight by several pounds. The negligible 
rise in intelligence-test score suggests that environmental gain 
has been offset by a fall in the average genetic component 
for inlelhgencc, but there are other possible interpretations, 

A direct study of fertility related to intelligence-test score 

The most valuable clue to any selection now occurring for 
intelligence will come from a direct comparison of the num- 
ber of children born to men and women whose families are 
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complete and whose intelligence-test score was estimated 
when they were between the ages of fifteen and twenty. The 
first figures will probably come fiom Sweden. National Ser- 
vice was introduced there in 1944 and the recruits, aged 
twenty, arc given an inlclligehce test. The recruits from 
southein Sweden born in 1924 and called for service in 1944 
are now being followed by Oncnsel at the Institute of 
Statistics in Lund. The m.'iiiagc rate and family size by 
1953, when the men were twenty-nine, is already known. 
Many of these men arc only just starting their families, bui 
the findings are already of interest. The intelligence-test 
scores arc given as actual scores and not quotients, the aver- 
age score on the test being about seventy. 

The first interesting finding is that the proportion who are 
married by 1953 increases steadily as the intelligence score 
increases, except at the highest levels of intelligence. At this 
\ery high level it is natural that marriage should be post- 
poned since many of these men arc still training for their 
professions well after the age of twenty. The proportion 
married rises from only tw'o-lifths for those scoring 0-9, to 
two-thirds for those making an average score of about 70, 
to neatly three-quartcis for those scoring 110-119, falling 
otf to about two-thirds again for the really high scorers. 
There is good reason to suppose that the high seorers will 
catch up. It is known from earlier studies that Swedish 
students who complete a sccondaiy education and matricu- 
late do not catch up the average of the population in the 
proportion married till their early thirties but, ultimately, 90 
per cent of them marry, compared with only about 85 per 
cent of the general population. 

To illustrate the way the families arc developing, Quensel 
put the men into four broad groups. A dull group of 1,135 
men scoring 0-49, an average group of 2,077 scoring 50-99, 
and two bright groups, one of 470 scoring 100 or over but 
only educated at primary schools, and the .other of 356 who 
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had at least secondary school education. A large majority 
of the latter group also scored 100 or over. 

The status of the families in 1953 when the men were 
twenty-nine is shown in Table 14 wliich gives the percentage 
married and the percentage with at least one, two, and three 
children. It will be seen that column \(b) refers to children 
bom before marriage and that these make an important con- 
tribution. over onc-scventli, to the fertility of the group of 
low intelligence and over one-ninth in the case of the average 
group: 

Table 14. Maniagc rates and fertility of tv\cnty-nine-year-old 
Swedes by intelligcpce-tcst score. Rceuiits born 1924 


Per cent with /, 2, nnU 3 Total 

ihihltcii ihth/reit 


Pet c ent per 


Scon' 

i\Nnihci 

nuinicii 

!(/) 

l(f/) 

2 

3 

JOO men 

0 49 

1.135 

57-1 

9-8 

31*7 

19 7 

4-7 

r>5*9 

59-99 

2,077 

08 0 

8 3 

38-9 

22*'^ 

5 2 

74-6 

100 

470 

71-9 

3*4 

‘14-9 

17-7 

3 0 

69-0 

Sccondaiy 

350 

(36*0 

1-7 

13-3 

17-4 

0-3 

62-7 


Uh) - boin bcfoic mariiage 
l(rt) - bom alter m.itiiage. 

The way in which these families have been built up since the 
men were twenty-thiee in 1947 is shown in Figure 47. In this 
diagram the fiist born, pre- and post-marital, are added 
together. 

It will be seen from Table 14 and Figure 47 that at age 
twenty-nine the a\ crage group, scoring 50-99, have the high- 
est fertility per man, married and single combined. They have 
the second highest proportion married, the second highest 
proportion with one child, and the highest proportion with 
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47. The marriage rates and fertility of twenty-nine-year-old Swedes 
by intelJigenuj test score. Recruits bom 1924 
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TJw duB p'Oiip, seoiinf 0-49, 

tlie highest fertility within marriage, but the lowest propor- 
tion married. Their total fertility is surpassed by all but the 
group with secondary educati-^n, and they would not surpass 
this group but for the children born before marriage and 
made legitimate by the marriage. The bright group, scoring 
KX) or over, who had only a primary education have the 
highest proportion married, the highest proportion with one 
child, in spite of having relatively few pre-marital children, 
and the second highest total fertility. The remainder of the 
bright group, those v\ilh at least a secondary education, 
understandably tend to mai ry later and their total fertility is, 
at twenty-nine, still the lowest. This group is, how'cvcr, 
showing tlie most rapid lise in family building at the time 
when the sui\cy finished, and separate studies of Swedish 
matriculants show that they aie now achieving a fertility 
above the national aveiage 

There can be no ceitain prediction of the future fertility 
of the four groups. Quensel suggests that the fertility within 
marriage of the dull group is likely to remain high, as they 
will have dilheulty in practising birth control. On the other 
hand, the proportion of this dull group who marry will prob- 
ably remain low in comparison with the other groups. The 
bright group with only a primary education show promise 
of passing the average group in fertility, as do the highly 
educated group. When the groups are rcstudied after their 
fertility is complete it will be no surprise if it is found that 
they show a tendency for fertility to be positively related to 
intelligence-test score. This wall not necessarily mean that 
there is selection for the genetic factors favouring high intel- 
ligence in the population of Sweden. It is just possible that 
the whole relationship will be due to some environmental 
factors which depress both a man’s score and the number of 
children he has; but this is unlikely. 

It will be most interesting to see the results of similar 
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studies in other countries; in particular it will be valuable to 
have studies for women. While the fairly high degree of 
asiortative marriage for intelligence suggests that the rela- 
tionship of fertility and intelligence for married women 
would be similar to that for married men, there might be 
important differences in marriage rates by intelligence. 

A working hypothesis is that there have been three 
phases in selection for intelligence in west European coun- 
tries and North America. 

In phase one there was little family limitation, except in 
the highest social groups, and fertility was high and balanced 
by high infant and child mortality. In this phase there w96 
probably some positive natural selection for intelligence 
since, on the whole, the more intelligent parents managed to 
rear moie of their children. 

In phase two, now current, infant mortality is much re- 
duced and the practice of family planning spreading through 
the population becomes more important indctcrminingselec- 
tion than success in child rearing. In this phase there is some 
selection against intelligence, since the more intelligent 
parents tend to practise family ii.nitation and plan the size 
of their families, while the duller parents tend still to have 
natural families. 

In phase three, into which it is to be hoped that our civili- 
zation is now passing, nearly all families are planned. In this 
phase there is once more positive selection for intelligence 
since the more intelligent men and women tend to have the 
higher marriage rates and plan the larger families. 

ItUclleitiial dijjerences between races of man 

It is almost inevitable that selective forces for intelligence 
should have differed in different parts of the world. Accord- 
ingly, there will very probably be differences in the distri- 
bution of genes concerned with the development of general 
intelligence and special abilities in different races of man, just 
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as there are differences in the distribution of the genes for 
blood groups and for other physical characters. This is a 
difficult problem, however, to examine objectively because 
of the environmental compoi cnt in intelligence-test score. 
While this environmental element is probably less important 
than the genetic in comparing children who have had as 
uniform an environment as children in Britain today, it be- 
comes of' major importance in comparing, foi example, 
French children with nathe African children of a tribe un- 
touched by civilization. It is generally agreed that the search 
for a 'culture-free’ intelligence test has failed. 

The experience of universities in this country and in 
France is that students of first-rate ability come from India, 
China, and Vietnam, but less often from among natives of 
Africa south of the Sahara. Similarly, the small Chinese 
population in the United Stales is already making an impres- 
sive contribution to science and medicine and includes tw'O 
recent Nobel Prize winners in theoretical physics. The con- 
tribution to scientific research of the much larger population 
in America of African descent would seem to be less. The 
cultural background is, however, vciy dilTcrcnt. The Indians, 
the Vietnamese, and the Chinese have a long tradition of 
advanced civilization behind them, whereas the African 
Negro, in general, has not. 

It is clear, however, that any ditlcrenccs that there may 
be in average intellectual ability of different races are small 
compared with the variation that occurs within each race. 
Every lace that has so far been investigated has been found 
to include both highly intelligent and very backward indi- 
viduals. 



CHAPTER 8 


Gene Mutations: their Frequency and Effects 


In the jrdinary way genes arc transmilled from generation 
to generation essentially unchanged. Their cftccts are modi- 
fied by environment and by interaction with other genes 
with which they find themselves, but the gene itself trans- 
mitted to each generation is almost always faithfully copied. 
In the early 1900s the Dutch botanist, De Vries, one of the 
rcdiscoverers of Mendel’s law, suggested that the sudden 
sports that appeared in flowers and were then genetically 
transmitted were essentially due to a change in a gene. He 
gave the name ‘mutation’ to this process. 

Mutations can conveniently, if somewhat artificially, be 
divided into two groups according to the amount of chromo- 
some involved. Those in which a single gene-locus is involved 
are called gene or point mutations. Those in which a section 
of a chromosome, involving perhaps numerous gene-loci, is 
alfccted are called chromosome mutations. The study of 
chromosome mutations in man is making rapid progress 
and will be considered separately in Chapter 10. 

Rate at which gene mutations occur 

It has been found in animals such as the fruitfly that each 
gene locus has its own characteristic mutation rate. The 
mutation rate per gene-locus per generation may be defined 
as the reciprocal of the average number of generations that 
elapse before a mutation occurs at that particular gene-locus. 
Alternatively, the mutation rate will be given by the propor- 
tion of germ cells containing a fresh mutation at that gene- 
locus. A mutation that will occur, on the average, once in 
50,000 generations at one gene-locus, will be newly present 
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in one out of 50,000 sperm or egg cells. Most naturally 
occurring mutation rates that have been measured in 
animals are between one in 10,000 and one in 100,000. 

It is supposed that the maj ^rity of gene mutations occur 
in the process of formation of germ cells, so that normally 
only one of a parent’s germ cells will contain the muta- 
tion. It is possible that mutations might occur during the 
formation of the sex glands themselves so that a section of 
the whole gland contains the mutation. This section would 
produce numerous germ cells containing the mutation. But 
experience suggests that this is a relatively rare occurrence. 

The mutations that can occur at a particular gene-locus 
seem to be limited. The same mutations are constantly 
occurring and have occurred repeatedly in the past. The 
mutant gene can mutate b.ick to the original form of the gene 
and also it can mutate further to give yet another alternative 
form of the gene. But neither of these processes will be of 
practical importance unless the mutant form of the gene 
becomes fairly common. 

Causes of jraic mulalion 

The essential nature of most gene mutations is probably that 
there is a failure in the copying process at that particular 
part of the chromosome as it grows before cell division. The 
causes are mostly unknown. It is possible to increase 
mutation rate in animals by various influences applied to the 
sex glands, by ionizing radiation, by ultra-violet light, and 
by certain chemicals. 1 he only one of these influences known 
to be important naturally is ionizing radiation. The chemicals 
concerned are not normally present in the body and ultra- 
violet light does not penetrate below the skin in man. 
Judging from animal experiments, however, the ionizing 
radiation that man experiences accounts for only a small 
fraction of all mutation, and agents as yet imknown must be 
responsible for the rest. 
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In the course of the thirty years from birth to the average 
age of conceiving children, most men and women receive 
about three units of ionizing radiation to their sex glands 
from natural sources. This is made up of cosmic rays, rays 
from radioactive rocks in the earth, and radiation from 
radioactive chemicals in the individuals’ own blood-streams. 
The dose of radiation needed experimentally to double the 
mutation rate in male mice appears to be sixty units when 
the radiation is given quickly, which is nearly twenty times 
the naturally-occurring radiation. The doubling dose may 
be greater still if the radiation is given slowly. ^ 

Human beings are already adding artificial radiation to the 
natural radiation they receive. In civilized countries the 
major source of the artificial radiation is the X-rays given 
in medical practice for diagnosing fractures and illnesses. 
The amount is not precisely known. In the United States and 
in Sweden it may equal the total natural dose, but is much 
less in this country. This would, however, add only a small 
fraction to the naturally-occurring mutation. Artificial radia- 
tion from the atomic and thermonuclear bombs so far ex- 
ploded will contribute only a small increase to the naturally 
occiiiring radiation. But. however small the increase in the 
mutation rate due to artificial radiation, these mutations, like 
naturally occurring mutations, will nearly all interfere with 
normal development. They will nearly all handicap the child 
who receives the mutation and perhaps some of the child’s 
descendants. Every effort should be made to cut down on 
all unnecessary exposure to ionizing radiation, while more 
is learnt about the size of the effects on mutation and the 
other dangers of radiation. Now that the dangers are 
recognized, the majority of diagnostic X-rays can be taken 
without giving any appreciable dose to the sex glands. In 
the near future, too, technical advances in radiology will 
make it possible to take medical X-rays involving much 
smaller doses of radiation. 



158 


HUMAN HEREDITY 


Direct effect of gene mutation 

The direct effect of a mutation is as yet little known. The 
most precisely known effects are of some mutations which 
alter the nature of hacmoglot m. Haemoglobin is the iron 
containing red pigment in the red blood cells responsible for 
the carriage of oxygen. One of these mutations produces an 
altered form of haemoglobin called sickle-cell, or S haemo- 
globin. Ai. in orwomanwiththismulantgeneononemember 
of the chromosome pair has about equal amounts of normal 
and S haemoglobin. A man or woman who has this mutant 
gene on both members of the chromosome pair has only S 
haemoglobin and a little of another foim of haemoglobin 
called foetal haemoglobin which is present in the foetus but 
normally disappcais bv about the sisth month of life. 
Recently, Ingram at ( ainbridee has shown by analysis of S 
haemoglobin that it dilfcr> from normal adult haemoglobin 
in only one of the manv chemical units of which haemo- 
globin IS built up; at one point in the stiucture of the com- 
plex chemical molecule of haemoglobin one aminoacid 
residue has been substituted for another. It is probable that 
this change in haemoglobin reflects an equally small change 
in the chemical nature of the gene responsible. This small 
change in the haemoglobin molecule has important conse- 
quences. One consequence is that the solubility of S haemo- 
globin in its de-oxygenated form is much reduced. Children 
homozygous for the gene develop severe anaemia and die 
young from distortion of their red cells by crystallized 
haemoglobin. Red cells from a child with sickle-cell anaemia 
are shown in Plate 4a. Another consequence is that, as will 
be mentioned later, the altered form appears to confer pro- 
tection against the invasion of the red cells by the most 
dangerous form of malaria parasite. 

Another mutant gene whose effect is precisely known also 
produces a variant form of haemoglobin known as haemo- 
globin C. This C form has been found to differ from normal 
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haemoglobin at the same point in the structure of the mole- 
cule as haemoglobin S, but the aminoacid substituted is a 
different one. A (normal) and S haemoglobin may be separ- 
ated by the rate at which they move across filter paper in an 
electric field. Plate 4b shows the haemoglobins of a mar- 
ried couple, both havingAand S. They having one child with 
only A haemoglobin and one child, severely anaemic, with 
only S haemoglobin. These parents could also have had AS 
children as shov\n in Figun' 48. 



4S The pi sibl(. Lliilclien of two jwicnt' 
held o/'. "Oils lot sickic-ecil hacinoglobin 


H these iwv) mutations arc lepiesentalive, they suggest 
that most mutations consist of small changes in the structure 
of the gene. 1 hese tliangcs lead to small alterations in the 
pioduct ol the gene. The clfcct of such small changes may, 
ho\\e\ei, be considciablc. 

Gt/ic miHatiom: llicu ejfcLi on fitness 

It has been found with animals that the great majority of 
mutant genes tend to lowci the fitness of the animals who 
possess them. There aie good reasons why this should be so. 
All gene mutations will have occurred repeatedly in the past 
and if a mutant gene has been favourable it will have spread 
through the population and become the gene, or one of the 
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genes, most commonly present at that particular gene-locus. 
However, if there are large changes in the environment, it is 
possible that just a few mutations previously disadvantage- 
ous will have natural selective v.ilue and spread through the 
population. A well-established example in animals of this 
process is that in the common Peppered Moth. A dominant 
mutant gene causing a dark wing colour is rare in the moths 
in the beechwoods of southern England, but has become very 
common in the moths in the industrial north. The selective 
disadvantage of this gene has been shown by the fact that 
if light and dark forms arc released in a southern beech wood, 
birds more readily sec and cat the dark forms. In the in- 
dustrial north, however, the selective balance is reversed and 
the majority of the Peppcied Moths arc coming to possess 
the dark gene. 

Since genes interact with each other it is probable that, in 
general, only gene mutation'' of small elfcct can be advan- 
tageous. Further, witli many gene mutations it appears that 
instead of the mutant gene having some new cfl'cct, it has no 
effect at all and such losses of activity arc not likely to be 
advantageous. In domesticated animals and plants man has 
deliberately induced and selected mutations that arc useful 
to himself. For example, the mould which produces the 
antibiotic penicillin, so successfully used in the treatment of 
certain bacterial infections, was deliberately irradiated to 
produce numerous new mutations. By intense selection of 
these mutations a domestic strain of mould has been pro- 
duced which yields more penicillin and a higher proportion 
of the most useful form of the drug. However, if this domes- 
tic strain of the mould were released to its natural environ- 
ment and it survived, most of these mutant genes would 
disappear as a result of natural selection and something 
much nearer the wild type of penicillin would develop. 

In man, where an individual’s fitness cannot easily be 
measured in his lifetime, it would be particularly diflBcult to 
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detect a favourable mutation. But it is to be presumed that, 
as in other species, the great majority of mutations in man 
are disadvantageous in present circumstances. On the other 
hand, if any group of men and women were attempting to 
live in a very different environment, perhaps colonizing one 
of the other planets, a small pioportion of mutations at 
present disadvantageous might be useful or even essential to 
the success of the venture. 

Dominant, intermediate, and recesshe mutations 

Disadvantageous mutant genes may have very varied effects.^ 
Firstly, there arc mutant genes which produce an obvious 
effect even in hetcrozygotes, that i"^ those who have the 
mutant gene on only one member of the chromosome pair. 
For convenience these are called dominant. An example of 
such a gene is the mutation which produces the thick-set 
dwarfs known as achondroplastic. Probably many or all 
of these dominant mutant genes would have even more 
dramatic effects in homozygotes and so they are not domin- 
ants in the strict sense that homozygotes and heterozygotes 
for the gene are indistinguishable, but the heterozygotes are 
kept so rare by natural selection that, with only one or two 
exceptions, homozygotes have not been reported. Secondly, 
there are those which show intermediate inneritance in the 
sense that they produce a major effect in homozygotes, but 
also an appreciable effect in heterozygotes. An example is 
the mutant gene, mentioned above, responsible for produc- 
ing the sickle-cell haemoglobin instead of normal haemo- 
globin. Thirdly, there are recessive mutant genes, sueh as 
that responsible for fibrocystic disease of the pancreas, a 
children’s disease described in Chapter 11, which cannot 
readily be detected in those heterozygous for the gene, al- 
though those who are homozygous for it may be severely 
affected. The distinctions between dominant, intermediate, 
and recessive are somewhat arbitrary, since it is probable 
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that most apparently recessive mutant genes could be shown 
to have an effect in heterozygotes if we had sufficiently sen- 
sitive ways of detecting the defect. Recently, for example, 
the Chinesc-American, Hsia, I'as found that the apparently 
normal heterozygotes for the gene responsible for phenyl- 
ketonuria (the inborn error of metabolism described above 
in Chapter 2, page 40) cannot break down a large dose of 
phenylalanine quite as quickly as normal men and women. 
All the same, it is useful to speak of dominant and recessive 
mutant genes in the sense that the former produce an 
obvious effect in the helcrozygotc, and the latter an obvious 
effect only in those homozygous for them. 

In addition to these mutant genes which aUvays produce 
an effect, at any rate in homozvgotcs, there are many mutant 
genes which produce only a genetic disposition to develop 
some condition. Some environmental factor or the presence 
of other genes is also requiied before the mutant gene has a 
delinitc effect on development, hinally, animal experiments 
suggest that there arc man> mutant genes which produce no 
obvious effect, even in the homozvgous state, and the pres- 
ence of which can only be detected by a small reduction in 
average length of life. 

It is the mutant genes of large effect which give rise to the 
malformations and diseases which provide patterns of in- 
heritance within families similar to those Mendel found for 
many characters m peas. 4 he mutant genes of small effect 
will provide the genetic element in the ordinary variation one 
sees in any population, only producing delinitc abnormality 
when many such mutant genes of minor clTcct happen to 
occur together in the same child and have a cumulative effect. 

Frequency of mutuiU yenes in the population 

The mutant genes within a population at any given moment 
W'ill be composed of fresh mutations present in the germ 
cells that went to form the present generation and also of 
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mutant genes which have survived and been handed down 
from earlier generations. There arc, therefore, two factors 
determining the frequency of such genes in the population. 
One is the mutation rate and the other the average number 
of generations each mutation persists once it has occurred. 
The relative importance of the two factors varies enormously 
with the intensity with which natural selection is eliminating 
ihc mutant gene. This in turn depends on its nature, whether 
dominant or recessive, and the extent to which its effects are 
modified by othei genes and the env ironment. 

Dominant mutant gent ’t.-Jamilv patttms and the frequency of 
conditions they cause 

Dominant genes which always piodiicc a severe disorder in 
those who possess them will be very rare in the population. 
By the definition of dominance anyone who receives the gene 
will be aflcctcd by it, and this includes the children who re- 
ceive it as a result of a fiesh mutation. There will then be in 
each generation a number ol children affected because of 
flesh mutations. The pioportion of children affected from 
such mutations will be twice the mutation rate since each 
child is conceived as the icsult of the fusion of two germ 
cells, sperm and ovum, each of which may contain a fresh 
mutation. In algebraic terms, if m is the mutation rate, 
then the proportion of children born affected from fresh mu- 
tations will be 2m, provided that the mutation is not a cause 
of death in embryonic life. If none of the affected children 
survives to adult life and none of them has children, then the 
proportion of affected children in each generation will always 
be 2m. The affected children will always appear sporadically, 
being born to unaffected parents and very nearly always 
having unaffected brothers and sisters. The pedigrees of the 
affected children will all look something like the family 
in Figure 49. 

Since these lethal mutant genes are never passed on to the 
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M - mutation occurs 
d - death without Issue 


49. 1 liL* raniil> ticc of a child with a con- 
dition due to a lethal doininant mutation 


next genciation, it is not cas\ to recognize that the disorder 
in the child is genetically determined. One clue would be that 
identical twins were always both affected. Another clue 
might be, as the present head of the Gallon Laboratory in 
London, Penrose, has indicated, that cither the mother’s age, 
or the father’s age, or sometimes both, at the birth of the 
child was higher than the national average. The older the 
patient the greater the opportunity there has been for a 
mutation to occur, though the size of this increased risk will 
vary in each sex and with the cause of the mutation. 

Where an atfected individual can occasionally have chil- 
dren it becomes possible for the dominant mutant gene to be 
transmitted and cause disorder in a second generation. When 
an individual allectcd by a dominant mutant gene forms 
germ cells, there is, as we know' from the mechanism of 
inheritance described in Chapter 2, an even chance whether 
he transmits the mutant gene or a normal gene. On the aver- 
age, then, half the children will be affected and half normal. 
In most instances the affected children will die without, in 
turn, having cliildren themselves, giving pedigrees like that 
shown in Figure 50 with just two generations affected, one 
individual in the first genciation and one or more children of 
this man or woman in the second generation. 

In the pedigree two of four children are shown affected and 
this is the most frequent situation with four children; the 
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50. A family tree given by a 
dominant mutant gene pci sist- 
ing for two generations 


actual probabilities with four children arc: all four affected 
one-biKteenth, all four normal onc-si\tccnth, three affected 
and one normal four-sixteenths, three normal and one 
affected four-sixteenths, two normal and two affected six- 
sixteenths. 

However, if affected individuals sometimes have children, 
then it is possible for the mutant gene to be transmitted to a 
third generation, though this will be exceptional if the dis- 
order is at all serious. One will get dominant mutant genes 
transmitted for many generations only if the disability they 
cause is trivial or if the disorder does not come on till late in 
life, when the individual who becomes affected has already 
had his family. 

The general relationship for conditions due to dominant 
genes between the proportion of children bom affected 
which we will call A, the mutation rate, which we will call m, 
and the fitness of those affected, which we will call /, is given 
by the expression: 

W 

Fitness is here used in the special sense of the ratio of the 
number of children bom to affected individuals to the aver- 
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age family size in the whole population. Where those affected 
never have children and so fitness is zero, then 



which is 2m, that is to say all cases arc due to fresh mutations 

in each generation. Where f is, say, ^"* 0 , then 

^ 2m 

1 - ^ ’ 

*10 

which is 20 /h. The number of mutant genes in the population 
is stable at this figure because the 20/« affected individuals 
only replace themselves by nine-tenths and the loss exactly 
balances the new cases caused by fresh mutations. 

If fitness is one half, then the proportion of children born 
affected will be o,„ 


1 -i 

which is 4/?;, These 4/m affected individuals would be 
forty in a population of a million children where m was 
1 in 100,000. Of these. 2m, that is twenty (i.e. half the 
total) would be born to normal parents ; m, that is ten 
(i.e. a quarter of the total) would be affected because 
they were the children of the 2m individuals affected as a 
result of mutations in the previous generation; a further 
five would be affected by mutations wliich had come down 
from the grandparental generation, and a further five would 
be affected by mutant genes wliich had come down from the 
great-grandparental generation or earlier. This means that 
with conditions due to dominant mutant genes where fitness 
is a half, family trees of affected individuals will look like 
those in Figure 51. 

The family trees will look very different with a condition 
where fitness is nine-tenths and the total number of affected 
individuals is 20/» and so 200 in a population of a milhon 
children where m is 1 in 100,000. The number born to un- 
affected parents as a result of fresh mutations will be 2m or 
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about f about i 

of the families of t ic f^mf/Zos 



aLout $ 
of the fafnJlies 



about 9 

of the famJttea . 


“>1 rht (jHitil lamiK ticcs of cliildicn with a coiuhtion where ‘fitness’ 
IS ^ and dut to a donnn int miitai t gtne 

twenty in a million, but now this is only onc-tcnth of the 
whole number of .illeetcd indi\ieluals The numbci of fami- 
lies with one patent, but no eailiei generations affected will 
be 2/» i', , that IS I S/» oi eighteen m a million The num- 

ber ol families with thicc generations affected will be 
1 S//I 'j^, that IS 1 62/», Ol app''oximately sixteen m a 
million, while the lemainmg 146 of the total 200 affected 
ehildien will ha\e pcdigiees with aflccted an estors stietch- 
ing back four oi more generations It slmuld be noted, 
however, that c\cn with fitness mne-tenths the proportion of 
individuals born altectcd, it /n is 1 in 100,000, is only 200 in 
a million or 1 in 'i,000 

All example ot dominant mutation oecuiring early in the 
eighteenth century in ? ngland and affecting certainly five, 
and, possibly, eleven individuals in lour generations, before 
it died out early in the following century is shown m the 
family tree in Figure 52 

The condition caused by the mutation is a marked thicken- 
ing of the outer horny layer of the skin, so that the skin in 
places IS half an inch thick, black, and very rough. The first 
individual affected was bom in 1716 at Sapiston m Suffolk. 
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52. Penrose and Stern’s pedigree ot the Laniheil family 


He was shown to a meeting of the Royal Society in I-ondon in 
1734. Tlie affected members of the family exhibited them- 
selves as the 'Potcupine Men’, and .lohn (i v, I) and Richard 
(iv, 4) claimed that only the male> in the family were affected, 
and that all the male descendants of it, 4 were alfectcd. If this 
had been true it w'ould have suggested (as was mentioned in 
Chapter that the mutant gene responsible might have been 
on the small I' sex chromosome. However, early accounts of 
the ‘Porcupine Men’ have been rc-exammed and the bap- 
tismal records of the family in the parish churches of that 
part of Suffolk carefully searched. The new pedigree, com- 
piled by Penrose and Stern and shown in Figure 52, suggests, 
that an ordinary dominant mutation affecting both sexes 
equally was responsible and this is consistent with the few 
other pedigrees of the condition which are known. 

A more extensive pedigree, from Sweden, of a condition 
due to a dominant mutation is shown in Figure 53. The 
patients in tliis family arc affected with a rare and relatively 
mild condition, known as transient muscular paralysis. They 
develop attacks of weakness, in most cases at least once a 
week, lasting for a few minutes up to an hour. Sometimes 
only one limb is weak, sometimes the whole limb and trunk 




53. Part of Gamstorp's pedigree of hereditary transient nauscuJar paralysis 
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musculature is so weak that the patient, if lying down, can- 
not turn over or sit up without help. However, the condition 
is not serious and the patients can work. The family was 
picked up independently by Garastorp in Sweden and by 
Helweg-Larsen in Denmark. The two branches were shown 
to be linked in generation iii. The Swedish branch derives 
from the parish of Vanga in southern Sweden and the 
ancestor of the Danish branch migrated from Vanga to 
Denmark at the beginning of the present century The con- 
dition has apparently no elfeet on fitness, the family is un- 
usually fertile, and DrGamstorp was herself able to examine 
no less than ninety-one living patients in generations vii, 
VMi, and IX. Since two members of genet ation it have had 
affected descendants, it is to be presumed that one or other 
of the anecstral pair, i.c. generation i, was affected and that 
the mutation had occuired then or e\cn earlier. Another 
Swedish family is known in which the condition occurs. It 
cannot definitely be linked with Gamstorp’s main family, 
but, since this othei famiK conies fiom the same part of 
Sweden, an illegitimale connexion with the main family is 
piobable. 

Children honiozyi^oii', for a dominant mutant m-nc 

It will only very raicly occur that a child will be born homo- 
zygous for a mutant gene w hich has any considerable eflfeet 
in hetcrozygotes. For example, even where fitness is nine- 
tenths, the proportion of germ cells carrying the mutation 
either fresh or transmitted from an affected parent will be 
10/H, that is 1 in 10,000 where in is 1 in 100,000. The random 
chance of two such germ cells meeting is (1/1 0,000)^ or 1 in a 
hundred million. 

The few examples known of marriages between a couple 
each heterozygous for the same dominant mutant gene sug- 
gest that these may often severely affect those homozygous for 
these genes. Two Norwegian parents, each with a dominant 
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mutant gene for short fingers, had a child with a very severe 
general disturbance of the skeleton. Two English parents 
each with a dominant mutant gene for pin-point sized ab- 
normalities of the capillaries in the skin and mucous mem- 
branes, had a child with large and severe abnormalities of the 
blood-vf ssels. 



CHAPTER 9 


More about Gene Mutations 


Frequency and ikinyos of recessi\e mutant genes 

The relation between the mutation rate and the propoition 
of individuals in the population with disoidcrs caused by 
recessive mutant genes is similar to that for disorders due to 
dominant mutant genes, but it is much less likely that the 
population will be in cenetic balance. If there is genetic 
balance, the proportion of individuals bom genetically pre- 
disposed to develop the disorder is, using the same symbols 
as with dominants. 


This may be compared with the relationship for dominant 
genes, which was 


The two-fold ditfcrence is due to the fact that whenever an 
affected individual dies without having children two of the 
recessive mutant genes arc eliminated, instead of one as with 
dominants. So the fresh mutations entering the population 
are balanced by the failure to reproduce of half the number 
of affected individuals. 

The gene frequencies in the population, however, are very 
different in recessive genes and so are the family trees. When 
a fresh mutation occurs and the mutant gene is recessive, one 
does not know that the mutation has occurred. With very 
few exceptions the germ cell containing the new mutant 
gene will fuse with a germ cell containing a normal form 
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of the gene, and the resulting child will be heterozygous 
for the mutant gene. By the definition of recessive the 
heterozygous individual shows no effects of the mutant 
gene. He or she will have the same chance of having 
children as anyone else in the population and, when repro- 
ducing will transmit the recessive mutant gene to half 
the children. These children who receive the mutant 
gene will, in nearly all instances, receive a normal gene 
from the other parent and so again be unaffected hetero- 
zygotes. The unseen state of affaiis will be as shown in 
the family tree in Figure 54 where the unknown carrier^ 
are represented by a spot in the male and female symbols. 



M - mutation occurs 

□ 0 - man and woman carrying 
a recessive mutant gene 


54. The couise taken by a recessive mutant gene 


If they are truly recessive there will be no r Section against 
these mutant genes in carriers and so they will normally be 
transmitted for many generations. As new mutations con- 
stantly occur in each generation the frequency of recessive 
mutant genes reaches quite a high level in the population. It 
has, admittedly very roughly, been estimated that each of 
us are heterozygous for an average of three recessive mutant 
genes, each of which in the homozygous condition would 
cause severe disability. No trouble is caused by these reces- 
sive mutants till two individuals are unlucky enough to 
marry when each happens to be heterozygous for the same 
recessive gene. Then, from the mechanism of inheritance, 
there is an even chance whether each parent transmits the 
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mutant gene or the normal gene, and the risks for the child- 
ren are shown in the family tree in Figure 55. 


til i> m 6 


or 



0© - heterozygous (arrlere 
■ • . ejected homozygotos 


55. The off'-pring of a couple hctcio/cgous for the came recessive 

mutant gene 


With a family of two childicn the probabilities of the 
different possible combinations of affected and unaffected 
are given by the expansion < f the expression (i -|- j)% On 
the average, nine times in sixteen such patents have no 
affected child and their carrier state remains unknown, six 
times out of sixteen they have one affected and one normal 
child, and only one time out of sixteen are they unlucky 
enougli to have two affected children and no normal child. 
The expected proportion of families with one child affected 
to those with two children affected is six to one. In practice it 
is often somewhat less, since families with no affected child- 
ren are not very readily picked up. For example, in a con- 
secutive series of thirty-six patients with fibrocystic disease 
of the pancreas attending a London children’s hospital and 
coming from two-child families it was found that in twenty- 
nine instances one child w'as affected and in seven instances 
both were affected. 

Unfortunately, the majority of disorders due to the homo- 
zygous state of a recessive gene are serious and at the moment 
difficult to treat. In most instances, affected individuals will 
not reproduce and the family tree will show one or two 
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children in a family affected, with no one affected in earlier or 
later generations. Even if an affected individual does have 
children, though he or she will transmit the gene to all the 
children, these children will all be heterozygous carriers and 
unaffected, unless, by an unlucky chance, the other parent 
is also a carrier of the same gene. Where fitness is zero, and 
the mutant gene is truly recessive, the carrier frequency will 
settle to a level such that sufficient affected cliildren are born 
and fail to reproduce to offset the fresh mutations coming in 
with each generation. That is A = m. 

Once frequency of affected individuals is known, the pro-*^ 
portion of the population who are heterozygous for the gene 
may be deduced from the formula put forward by Hardy and 
Weinberg (sec Chapter 4, page 67). For example, the fre- 
quency of phenylketonuria in this country is esti- 
mated to be about 1 in 40,000. With marriage at random this 
frequency implies that as many as 1 in lOOorO-Oi of the pop- 
ulation arc carriers, since if q is the gene-fiequency of the 
recessive gene responsible, q^ = 1 /40,000. q = 1 /200 and the 
proportion of the population who ;rc heterozygous carriers 
of the gene is 2pq, that is 

2 - — — 

which is approximately 1 in 100. It is because there are very 
many genes of this type that it is probable that most of us 
arc carriers for one or more of them. 

The assumption of marriage occurring at n.tidom is nearly 
true for most parts of Britain today. The proportion of first 
cousin marriages is probably less than four in a thousand. 
There are parts of the world, for example Japanese villages, 
where as many as 8 per cent of all marriages are between first 
cousins. In a marriage between blood relations the chance 
of both a husband and wife carrying the same recessive gene 
is much increased. If the husband has a particular recessive 
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gene, for example the gene for phenylketonuria, the 
chance that his first cousin wife also has the gene because 
of the blood relationship is one in eight. This is much higher 
than the one in a hundred risk that an unrelated woman 
would be a carrier and can be explained as follows: if a 
husband a has a particular recessive gene the chance that it 
came from the parent through whom he is i elated to his wife 
(in Figure 56 this parent is his mother), rather than xhe other 
parent is one half. If his mother has it, then the chance that 
her brother or sister also has it is, by the mechanism of in- 
heritance, one half. If this mother's brother also has it the 
chance that he will pass it on to a child is also one half. The 
total chance, then, that the wife will have the same recessive 
gene is 1 i x t: that is one in eight. This is illustiated in 
Figure 56. I he wife could also have received a similar icccs- 
sivc mutant gene by chance, but this iisk is relatively small if 
the gene is uncommon. 



56. The chaiKC that a wife will hci\e a gone ^aiiKd b\ her husband if 
lhc\ aic iirst cousin*^ 

It IS, thciefoic, not unusual to find that the parents of 
children with di.soidcis due to recessive genes arc blood 
relations, for example first cousins. It is found that about 1 in 
20 of the parents of children with phcnylketonuric defect 
are first cousins, as compared with the 4 in 1,000 first cousin 
marriages in the general population. The rarer the condition, 
the more likely it is that the parents of an affected child are 
carriers of the same mutant gene because of a blood relation- 
ship, rather than earners of two similar but independently 
mutating genes. Also the rarer the condition, the more 
probable it is that families in which it occurs are related to 
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each other, even though this relationship is often not known 
to the families. Sweden is particularly well suited for genetic 
research into lines of ancestry because of the excellently kept 
system of parish registers. Recently Sjogren and Larsson of 
Stockholm have studied fourteen patients, in eleven families, 
with severe mental defect associated with spastic limbs and 
scaly red skin, \nother fourteen members of these families 
had been similarly alTecled, but w'ere no longer alive. They 
found that in six of the eleven families, more than half, the 
parents were blood relations. They also found that almost^ 
all the patients had one or more ancestral lines leading back 
to a few couples living in the north-eastern coastal district of 
Sweden in the early years of the eighteenth century. 

Part of the pedigrees are reproduced in Figure 57 which 
shows how four of the families, into which thirteen affected 
individuals have been born since 1880. lead back to two of 
these ancestral couples. The most probable path by which 
the mutant gene has travelled down the generations is shown 
in the pedigree by marking in the probable carriers. Some- 
times there are alternative paths. It is very likely, too, that 
one of each of the two ancestral pairs shown (Olaf T. bom 
1705 and Gunilla J. born 1708, and Pchr J. born 1710 and 
Dordi O. born 1717) was a carrier. There is evidence of other 
carriers in this area at that time. Sjogren and Larsson esti- 
mate that the original gene mutation may have occurred as 
early as the fourteenth century, a mutation which was respon- 
sible for the birth of nearly thirty individuals with grave 
handicaps some five centuries later. 

The British eye specialist, Sorsby, has recently drawn at- 
tention to a very early report of a cousin marriage leading to 
the birth of a child with a condition due to a recessive gene. 
The report is of the birth of the Jewish patriarch Noah, who 
built the Ark and survived the Flood. The report is found in 
the Book of Enoch, which was lost until three manuscripts 
in Ethiopian were brought out of Abyssinia in 1773. It is 

T-o 




57. Part of Sjogren and Larsson's pedigiee of mental defect with spastic limbs and scaly led skin 
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thought to have been written in the second and first cen- 
turies B.c. The description of Noah’s birth in the English 
translation reads: 

She became pregnant and brought forth a child, the flesh of 
which was white as snow, and red as a rose; the hair of whose 
head wa-, white, like wool and long; and whose eyes were beauti- 
ful. When he opened them he illuminated all the house, like the 
sun. 

Sorsby notes that, once the laudatory commendations are 
disregarded, this is an unequivoeal description of an albino. , 
Neither Genesis nor the Book of Enoch give details of the 
blood-relationship between Noah’s parents, Lamech and 
Betenos, but in the Book of lubilcc it is stated that they were 
first cousins. The extent to which Noah and his parents are 
historical figures is uncertain; but the authors of the tradi- 
tions recorded in the Book of Enoch certainly knew of albin- 
ism. If we arc all descended from Noah and there has been 
no selection against the gene for albinism one would expect 
a quarter of the world’s population to be albinos! 

The effect of cousin marriages and other inbreeding on 
recessive mutant genes in a balanced population is to reduce 
their frequency. The reason is that a rather lower carrier 
frequency is needed than with random marriage to produce 
sufficient affected children to balance the fresh mutations 
coming into the population. Changes in the cousin marriage 
rate will temporarily unbalance the relation between affected 
individuals and the mutation rate. If the amount of inbreed- 
ing is increased, then the proportion of affected children 
bom will become higher than that which balances the input 
of fresh mutations. This will, however, gradually cut down 
the frequency of the recessive mutant genes in the population 
and the carrier rate until once more the proportion of affec- 
ted children is 
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In the same way, if, as has happened in Britain over the 
past three generations, the amount of inbreeding decreases, 
then for a time the frequence of children bom homozygous 
for and so aftected b> reccssne mutant genes will fall The 
carrier frequency however, will in consequence slowly in- 
crease until the proportion of aflected children once again 
reaches the original level, and the balance between loss and 
input of the nuitint genes is restored 

Any selective eflcct on the gene in the heterozygous cbndi- 
tion IS, however much more important than changes in the 
amount of inbreeding, in alTecting the balance between 
mutation rate and the proportion of children born homozy- 
gous for icccssivc genes It may well be that tew genes are 
completely recessive If the mutant gene has to some extent 
a disadvantageous cflect in the hetcrozjgotc, then the gene 
is really behaving as dominant Selection against the hetero- 
zygotes even though mild will determine the frequency of the 
mutant gene and will keep the gene frequency down to a level 
such that homo/vgotes must be extremely rare F or example, 
even with the high mutation rate of 1 m 10,000 and a litness 
of 0 9, the trcqueiic> ol hcterozjgotes from the formula for 
dominance, 



will be 1 1500 the gene frequency 1 / 1 ,000 and the frequency 
of perhaps severel> allcctcd homozygotes only 1 in a 
million 

There arc also, however, at least three mutant genes which 
in the homozygous state cause children to die young, but 
which are not uncommon If the onlj selective force at work 
was the death m childhood of the homozygotes, then, after 
making allowances lor any change in inbreeding, the homo- 
zygotes should have a frequency fairly closely related to the 
mutation rate, and these not uncommon disorders would 
imply very high mutation rates The three conditions are. 
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Md\e-cc\\ aBaem\B,’«Yach m parts of Africa and India aj9^r^ 
about 1 child born in 100 and is due to the homozygous state 
of the mutant gene producing S haemoglobin to which we 
have previously referred (Chapter 8, page 1 58) ; Mediterran- 
ean anaemia, which in parts of Italy affects about 1 child in 
100 and is due to the homozygous state of a gene which does 
not produce an abnormal haemoglobin but interferes with 
the production of normal haemoglobin; fibrocystic disease 
of the pancreas, which in Britain and North America affects 
about 1 child in 2,000 (an account of fibrocystic disease of 
the pancreas is given in Chapter 1 1). 

To explain these high frequencies the ingenious suggestion 
has been made that those who are heterozygous for these 
genes have some selective advantage over ‘normal’ indivi- 
duals who do not possess them at all. We know the nature of 
this advantage only in the gene for sickle-cell anaemia. It 
was noticed that the frequency of this gene, which can easily 
be recognized in the heteiozygotc, often paralleled the 
amount of infection with malignant tertian malaria, to which 
the population had been subjected, i he parts of the world in 
which sickle-cell anaemia is common are shown in Figure 
58; all arc malarious. It therefore appeared that babies 
who were heterozygotes for the sickle-cell gene were 
more resistant to this parasite than were ‘normal’ babies 
and that fewer of them died of this type of malaria. It would 
need only a relatively small selective advantage of this kind 
to balance the death of homozygotes. For example, in a 
community where the gene frequency is OT acd marriage is 
at random, the proportion of children dying from the anae> 
mia is (0•l)^ that is 0 01 (1 per cent), the carrier frequency is 
0-18 (18 per cent) and the proportion of individuals homo- 
zygous for the normal gene is 0-81 (81 per cent). This means 
that there are nine of the mutant genes in the heterozygous 
state for every one in the homozygous state: there are nine 
and not eighteen since homozygotes have twq mutant genes. 
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58. The parts of (he \\i)!ki whcic sickle-cell anaemia vommon (alter 

H Ichmann) 


A balanced population with the observed gene frequency 
would be established, though all the homozygotes died 
young, if the fitness of heterozygotes was 10/9 and that of 
‘normals’ was 80/81. The germ cells forming the next genera- 
tion would then include 0-8 (derived as in Table 13) with the 
normal gene iV, produced by normal men and women, 
together with OT containing the normal gene and OT con- 
taining the sickle-cell gene produced by heterozygoics. This 
is illustrated in Figure 59. 

These germ cells would replace exactly the parent genera- 
tion, with 0-81 NN, 0T8 NS, and 0 01 SS, and once again 
give one in a hundred children bom with sickle-cell anaemia. 
This is shown in Figure 60. 
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Parents^ genotypes 

' 0-81 NN 

§ 

CO 

6 

001 SS 

Relathe fertility 

(2-?) 

! (V) 

(0) 

Germ-cell f/equencies 

0.8 N 

6 6 

none 


59. Sclecii\c advantage of the hetcrozjgotc for gene S 
balancing the eai ly death of SS hornozygotes 


Ofie i;eim nil 



(0-9)^ 

(0*1)5' 

1 (0*9)A^ 

(0*81) WN 

(009)M9 

^ — 





^ (O-I).S 

(009)A^V 

(0 01KS5 

60. Pau'ntdl genotypes 

ormed by 


geim cells of which carry N 
and carry S 


Presumably, a similar advantage is possessed, or was pos- 
sessed at some time in the past, by the heterozygotes for the 
gene, which in homozygotes caused Mediterranean anaemia 
in the Po delta in Italy and other districts where the disease 
is common; but we have no idea, yet, what the advantage 
might be. Similarly, we htivc no evidence of the nature of the 
advantage conferred by the gene for fibrocystic disease of the 
pancreas in north European populations. 

Once the selective advantage of the heterozygote is lost, 
one would expect the frequency of the gene to fall gradually 
from the death of homozygotes till a balance is reached with 
the mutation rate. Negroes in North America where there 
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is no malaria have a frequency of the sickle-cell gene lower 
than that of the West African populations from which they 
originated. The difference (after allowing for the 30 per cent 
of white admixture) is just about what one would expect 
from ten generations of deaths of homozygotes, with no 
counterbalancing advantage of hetero/>gotes. 

Risks of cousin marriage 

The extent to which the average member of the population 
is heterozygous for the kind of recessive genes which cause 
malformations or illness in those homozygous for them de- 
termines the general risk to the children of cousin marriages. 
To take a theoretical example: if the average individual is 
heterozygous for foui such recessive genes, a pair of cousins 
will have, on the average, one of these genes in common 
and the average risk to the children of being homozygous 
will be one in four. Information on a large scale is only 
available at the moment for illness at birth and in the first 
few years of life. This comes from a survey made under the 
direction of the Americans, Neel and Schull, by the Atomic 
Bomb Casualty Commission in Japan, and a survey in 
France by Sutter and Tabah. Both surveys indicate that the 
risks of death in infancy and early childhood aie about 
doubled among the offspring of first cousin marriages. The 
findings for Hiroshima (women who experienced significant 
radiation were not included) arc shown in Table 15. 

Sex-linked recessive mutations: the family patterns and the 
frequency of the conditions they cause 

Where disorders are due to recessive mutations on the un- 
matched part of the X chromosome (see Chapter 3), the rela- 
tionship between gene frequency and the proportion of 
children bom affected in the population is much modified. 
The relationships are intermediate between those for domin- 
ant mutations and those for ordinary recessives on the auto- 



MORE ABOUT GENE MUTATIONS 


185 


Table 15. Deaths in infancy and early childhood for cousin 
and unrelated marriages: data from Hiroshima 


parents’ relationship 


1 

Fit St 

Fn \t 

Second 



cousins 

cousins 1 
once 

) CHIOS ec/ 

cousins 

Unrelated 

Total infants 

352 

106 

144 

561 

Total deaths 

41 

9 

8 

31 

Deaths per tent 

11 6 

S V 

5-6 

5*5 


somcb \ truly recessn e scx-linkeJ mutant of this kind is not 
subject to selection in a gill or v\oman heterozygous for it, 
since, in the presence of the noimal alternative form of the 
gene on the other sc\ chromosome, it has no effect on devel- 
opment, In a bo> or man, however, it is fully subject to 
selection. 

The proportion of males, who are, of course, only about 
half the population, born gencticany predisposed to develop 
disorders due to sc\-linkcd recessive mutations is, using the 
same symbols as before. 



and so the proportion of the whole population born predis- 
posed is, approximately, 

A - n'” 

1 -/ 

This may be compared with 

2m 

for conditions due to dominant mutant genes and 

m 


l-f 
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for recessive mutant genes. Girls and women will only be 
affected by a sex-linked recessive gene when they are homo- 
zygous for it, which will happen rarely if the fitness of the 
afifected males is low. It would require both that the ovum 
contains the mutant gene, either because the mother is a 
carrier or from a fresh mutation, and that the sperm cell 
contains the mutant gene either because the father, though 
affected, has survived to have children or from a fresh 
mutation. However, on two occasions recently girls have 
been bom with the classic bleeding disease haemophilia, 
in which the time the blood takes to clot is much pro- 
longed. 

The fate of a fresh sex-linked recessive mutation depends 
initially on whether it occurs in a sperm or an ovum. Only a 
half of all sperms contain an X chromosome, so that, if /nis the 

mutation rate, only sperms will contain an chromosome 

with a fresh mutation. These sperms will always produce 
girls and the ova they fertilize will almost invariably contain 
an X chromosome with the normal alternative form of the 
gene, so that a heterozygous carrier girl will result. One will 
not know that the mutation has taken place. However, once 
this woman has children the mutant gene may show itself in 
the second generation. Half the ova the woman forms will 
have the X chromosome with the mutant gene, the other half 
will contain the X chiomosome with the normal alternative 
gene. If the ovum with the mutant gene meets a sperm w'ith 
an X chromosome, the child will be a girl who is a carrier 
like her mother. If the ovum meets a sperm with a Y 
chromosome, however, the child will be a boy with no nor- 
mal gene on his Y chromosome corresponding to the mutant 
gene on his X chromosome and will have his development 
affected . If the condition is a serious one this boy will probably 
die without^having any children. A carrieif sister of this boy 
will be unaffected but likely to have affected boys. The type 
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of family tree which may develop is shown in Figure 61. 



I 


61. A typical family tree pro- 
duced by a se\-l inked lecessive 
mutant gene 


The women who are heterozygous for the gene in such pedi- 
grees, if the gene is tiuly recessive, ate only recognizable by 
the fact that they have affected boys. 

If an affected male survives, however, and has child- 
ren, the genetic type of his children is certain. If he 
transmits his Y chromosome, he automatically fails to 
transmit the mutant gene, and his boys do not possess it 
and can not transmit it to their children. If he transmits 
his .Vein omosomc he will produce girl who is heterozygous 
for the mutant gene. The situation is shown in Figure 62. 



62. the descendants of a man who 
has a se\-linked lecessive gene 


In the rare event of an affected man marrying a woman who 
is a carrier, half the daughters, on the average, would be 
heterozygotes and half homozygotes, since the father can 
only transmit the mutant gene and the mother has an equal 
chance of transmitting the mutant gene or its normal equiva- 
lent. The chances for their children are as in Figure 63. 
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63. The offspring of a man with a 
se\-linked recessive gene, whose wife 
carries the same gene 

i i i i 

If a homozygous affected woman sunives to have child- 
ren, all her sons must be affected and all her daughters must 
be carriers, since she can only tiansmit X chromosomes with 
the mutant gene. It is possible, particularly m populatmns 
in which the avciage s!7e of the family is small, for a reces- 
sive mutant gene to be tiansmitted for scseral genera- 
tions through hetciozvgous women before an affected boy 
appears. 

If the muiation appears fust on an V chromosome in an 
ovum its fate will depend on whether it meets an X- or a Y- 
bearing sperm. In the formei case the child will be a carrier 
girl and the family pattern ensuing will be the same as that 
for a carrier giil produced by a mutation occurring in an 
wSf-bearing sperm. In the latter case a boy will be produced 
and this boy will at once be affected, and if the condition is 
serious the mutation will probably not be transmitted further. 
If the affected man does survive to have children all his 
daughters will be carriers and, on the average, half his 
daughters’ sons affected, but his own sons will be unaffected 
and cannot transmit the condition. 

The relationship between the proportion of women who 
are heterozygous carriers of sex-linked recessive mutations 
and the frequency of affected boys is straightforward, if the 
fitness of the affected boys is nil. The proportion of boys 
afifected from fresh mutations is the mutation rate in ova, 
that is m, and in addition there will be, if the fitness is nil, a 
further Im affected boys bom to carrier mothers. This, in a 
population which is replacing itself, implies that the propor- 
tion of carrier mothers is Am, since they will average only a 
son each and only half of these are affected. At these fre- 
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quendes the proportion of carrier women is stable. The Am 
mothers will replace themselves, on the average, by a girl 
each, of whom a half, that is 2m, will also be carriers. The 
proportion of women who are carriers from fresh mutations 
IS 2m, since they each have two X clnomosomes on which a 
mutation may have occurred, giving Am in all. Several 
investigators have found that about 1 child in 25,000 deve- 
lops a severe muscle disorder called the Duchenne type of 
muscular dystrophy. Thi' atfectb young children, leads to 
invalidism befoie the teens, and, usually, death in the early 
twenties. The piopoition of children who have the illneSs 
shows that the mutation rale is about 1 in 75,000, and that 
the pioportion of women who are earners is about 1 in 
19,000. 

It follows that w ith a condition of this kind one-tliird of 
the boys affected arc the product of fresh mutations. Here 
the mother is not a carrier and so no relatives, not even 
biothers. will be aflectcd. Another third of boys will be 
affected bcCiUisc their mothci was ihc recipient of a fresh 
mutation. Here biothers arc a* risk and sisters may be 
carriers, but none of the mother’s biothers will be affected 
or the mother's sisters be carriers. Anot’^er sixth will be 
affected because of a mutation which occur-ed in a germ cell 
going to form the mother’s mother, which has been trans- 
mitted to the mothci . Here the mother’s brothers as well as 
the patient's brothers may be affected and the mother’s 
sisters may be carriers. The remaining sixth will be affected 
because of mutations occurring in germ cells going to form 
the mother’s mother’s mother, or earlier still. The frequency 
of the different types is shown in Figure 64. 

Accordingly, it is not at all uncommon to find no relatives 
affected with conditions due to sex-linked recessive mutant 
genes which severely reduce fitness. Not only will boys 
affected by fresh mutations, as in family A, have no brothers 
affected, but families of the second ty^e B, where only the 
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64. The typical distiibution of the lamilics of bo>s with a scvcie con- 
dition due to a se\-linked icces*>i\c miilant gene 


mother is a carrier, have often only one an'ccted boy. This is 
particularly true in these days of small families. One finds in 
practice that the proportion of brothers of patients aftccted 
is not half, which it would be if all mothers of such patients 
were carriers, but about a third. This is made up of one-third 
of patients where brothers arc not at risk, and two- 
thirds where the risk for brothers is a half. In the same way, 
mother’s brothers are at risk only where the mother’s mother 
is a carrier, and so one finds only about one-sixth of these 
affected. 

With milder conditions, where affected men can have 
children, the proportion of carrier women in the population 
is higher in relation to the mutation rate. For example, where 
fitness is two-thirds, the proportion of boys bom affected 
would be 9m, of which m would come from fresh mutations 
and the remaining 8m be born to the 1 6m carrier women. Of 
these carrier women, 6m would be the daughters of affected 
men, 8m daughters of carrier women, and 2m affected by 
fresh mutations. Where affected men can have children it 
will be more usual for a sex-linked recessive mutant gene to 
survive many generations. 

Figure 65 shows part of an extensive and unusually fertile 
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Swiss family in which a single sex-linked recessive mutation 
occurring about the end of the sixteenth century in the town 
of Tenna has been transmitted through eleven generations. 
The disease in this family, called Christmas disease or 
haemophilia b, is quite distinct from classical haemophilia, 
or haemophilia a, but like it is due to a clotting defect of the 
blood and is caused by a sex-linked recessive mutant gene. 
The illnesses are distinct in that the disturbance in the 
mechanism of blood clotting is different. Blood serum from 
a haemophilia A patient will correct the clotting defect ^ 
haemophilia B blood and vice versa. The genes concerned 
are also distinct in that each type breeds true within a 
fimily, for example haemophilia n in this family. 

The family was first reported in the medical literature in 
1837 by Thormann, who looked after one of the affected 
members and knew that the condition was transmitted from 
grandfathers to giandsons through women who were then 
known as ‘conductors’, and whom we w'ould now call 
earners. In all, some fifty-five men have been affected in this 
familv and the Polish doctor, Mooj -Jankowski, and liis Swiss 
colleagues who brought this family tree up to date were able 
to test by modern methods eleven living affected males, 
as well as to prove the point that the cairier women are 
in no way abnoimal on any of the laboratory tests yet 
available. 

The woman in generation i (U.W., married in 1669 to 
A.W. of Tenna) was certainly a ‘conductor’. Not only was 
hci son S.W. (born 1676, died 1741, n, 3 in the diagram) the 
first man in the family to be recorded in the church register 
as a bleeder, but her daughter U.W. (born 1678, died 1757, 
II, 4), was certainly a carrier since she had 3 affected sons. 
The mutant gene has passed down mostly through carrier 
women, but sometimes through affected men, until fourteen 
boys and men in the family are affected in the present genera- 
tion. This family is exceptional in its fertility, so that the re- 
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duction of the fitness in the men affected estimated to be 
about 40 per cent has been more than matched by the excep- 
tional fertility of the earner women The fertility of these 
carrier women is actually greater than that of the women in 
the family who are not carru-rs, but it would, perhaps, be 
unwise t attribute this to some achantage conferred by the 
mutant gene with evidence ftom onlv a single family 



CHAPTER 10 


Chromosome Abnormalities in Man 


Gene or point mutations involve a vciy small section of a 
chromosome. Disturbances of the mechanism of inheritance 
may occur involving a considerable part of a chromosome 
or even a whole chromosome. These have been studied in 
considerable detail in plants and animals, but only very 
recently in man. The fruitfly and other two-winged flies are 
particularly suited for studies of this kind as the chromo- 
somes in their salivary glands aic i datively enormous. The 
loss of as little as a thousandth pait of one of the larger 
chromosomes may be rccogni/ed. With present techniques 
it would only be possible to iccognize loss of the order of a 
tenth of one ol the larger chromosomes in human beings. 

Animal studies ha\c shown that the loss of an appieciablc 
fragment, say a fifth, of a laigc chiomosome is iisuall} not 
compatible with life. The presence of extra fragments of 
chromosome, however, may not kill the embiyo, though it 
causes abnounal development. A number of examples arc 
known, in variou:. specic>. of plant, of individuals with a 
whole extra chromosome, riicse individuals are known as 
‘trisomics’, since one chiomosome is present in triplicate, 
instead of as a pair. For example. Datura stramonium (the 
thorn apple) has twelve pairs of chromosomes. All twelve 
possible trisornics arc viable, have been identilicd, and all 
show characteristic variations from the normal plant. 

Origin of trisornics and monosomies; non-disjunction 

It is easy to understand how trisornics and monosomies can 
arise. The process is perhaps more natural than the frag- 
mentation of chromosomes which leads to deficiencies, re- 
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duplications, or exchanges of parts of chromosomes. All 
that is required is a failure of the mechanism by which one 
member of each pair of chromosome passes into the germ- 
cell; this failure of a chromosome pair to separate is called 
‘non-disjunction’. If both members of a. pair enter a germ 
cell, then at fertilization a third chromosome of that pair is 
introduced, resulting in a trisomic. If neither member of a 
pair enters the germ cell, then the chromosome introduced 
by the other germ cell at fertilization has no partner and a 
monosomic is produced. 

The first tnsomics to be recognized in animals were fruit- * 
flies trisomic for the pair of genes determining sex. In the 
fruitfly, as in man, sex is largely determined by a pair of sex 
chromosomes, females having the genetic constitution XX 
and males the genetic constitution XY. The American, 
Bridges, in 1916 noticed some peculiar patterns of inherit- 
ance for genes linked to the X chromosome in certain strains 
of fruitfly. He made the brilliant suggestion that these excep- 
tional females were trisomic for the sex chromosomes, hav- 
ing the genetic constitution XXY. r*amination later of the 
chromosomes of those flics showed that his deductions were 
correct. Since then fruitflies which were XXX have been 
identified, though these arc much less viable t'^ an XXY flies. 
Also flies monosomic for the X chromosome, genetically X 
nothing (usually written XO) have been found; these are 
males. It is postulated that because of the normal sex 
differences, animals and plants are more tolerant of varia- 
tions in the number of sex chromosomes than of the other 
chromosomes. Howc\cr, trisomics and monosomies for the 
very small fourth chromosome have also been recognized in 
the fruitfly. 

Irisomics and monosomies in man 

As recorded in Chapter 2, it was only in 1956 that cytologists 
were able to make preparations showing the chromosomes 
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in man sufficiently well for their number to be counted. 
These methods have been steadily improved in the last 
few years, particularly by British scientists of the Medical 
Research Council’s unit at Harwell. Satisfactory prepara- 
tions may now bp made from bone marrow cells, white 
blood cells, or skin cells. The cells are encouraged to grow 
in the laboratory, then treated with a substance called colchi- 
cine which tends to slow cell division at a stage when the 
chromosomes arc well spread out, then killed and stame'd. 

Abnormalities of the sc< civ omosomes in man 

Tw'o inteicstmg conditicuis had been recognized for some 
years by medical piactitioners w'hcrc there W'as reason to 
suppose that abnorm.ilitics of se\ual development were 
associated with abnoimalities of the sex chromosomes. The 
first group of patients, said to have Klinefelter’s syndrome, 
arc apparent males chaiacten/ed by undeveloped testes, re- 
lative absence of facial, axillaiy, and pubic hair, often some 
degree of mammar>' gland development, and a feminine dis- 
tribution ol fat. 1 hey are males who arc somewhat feminine 
in their development. They aic usually, perhaps always, 
sterile and many of them are fust recognized in clinics for 
the investigation and iicatmcnt of sterility in men. These 
patients are often, but by no means alwajs, mentally re- 
tarded, and have come to notice also among children in 
schools for the educationally subnormal. The second group 
of patients, said to have Turner's syndrome, are apparent 
females, characterized by a failure to mature sexually, un- 
developed gonads, dwarfism, webbing of the neck with a 
low hair-line, often deafness, and a malformation of the 
heart. These patients, too, are often mentally retarded. 

For the past ten years, a relatively rough and ready method 
of sexing has been available which depends on simple rela- 
tively low-power microscopy of cells, such as those in 
scrapings from the inner side of the cheek. In females, but f 
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not in males, a spot of dark-staining material may be seen in 
many cells at the edge of the nucleus. Those with this spot 
are said to be ‘chromatin positive’ and it is thought that the 
condition must depend on the presence of two X chromo- 
somes, one of which is inactive and takes up stain. Most 
patient % with Klinefelter’s syndrome, though externally male, 
were found to be chromatin positive and so, presumably, had 
two V chromosomes, while most patients with Turner’s 
s\ndrome were found to be chromatin negative, and so, 
presumably, had only oneXchromosome. This was confirmed 
by the finding that patients with Turner’s •syndrome coultf 
have conditions which are known to be determined by reces- 
sive genes on the X chromosome, such as the common forms 
of colour-blindness. It was first thought that Klinefelter’s 
syndrome patients simply had the female sex chromosome 
pair XX, and Turner's syndrome the male sex chromosome 
pair XY, and that, for unknown reasons, there had been 
some partial reversal of sex development in embryonic life in 
each case. But the new technique of chromosome counting 
showed that the underlying abnormality was really more 
interesting. 

Early in 1959 in this country workers at Harwell and at 
Edinburgh were able to show that patients v ith Klinefelter’s 
syndrome had not 46, but 47 chromosomes. They were tri- 
somic for the sex chromosomes, having the genetic constitu- 
tion XXY. Patients with Turner’s syndrome, on the other 
hand, had not 46 but 45 chromosomes. They were mono- 
somic for the sex chromosomes, having a single X chromo- 
some and so being genetically XO. The ways in which 
non-disjunction of the sex chromosomes could produce the 
two syndromes are shown in Figure 66. 

Patients with Klinefelter’s syndrome could result from the 
non-disjunction of the sex chromosomes in sperm-cell forma- 
tion resulting in a sperm with both X and Y chromosomes 
which on fertilizing a normal .^T-bearing egg cell, would give 
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an XXY embryo. Alternatively, if non-disjunction occurred 
in egg-cell formation, an egg cell with two X chromosomes 
would result, which on fertilization with a normal y-bearing 
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66. To shov\ the pioduclion ol ehildren with genotypes XX ) , A \ \, 
and \0 a*. .i losult oi the failuie of the sex chiomosomes to sepaiatc 
in gerin-cell loimation 


Sperm cell would again give an A’A' }' embryo but on fertiliza- 
tion with a normal A'-bearing sperm would give an A'A'A' em- 
bryo. Patients with Turner’s syndrome could be affected as a 
result of non-disjunction in sperm-cell formation producinga 
sperm with no se\ chromosomes. On fertilizing a normal egg 
cell this would give an XO embryo and Turner’s syndrome. 
Alternatively, Turner’s syndrome could be due to non- 
disjunction in egg-cell foimation giving an egg cell with no 
sex chromosomes; on fertilization by a normal AT-bearing 
specimen this would give an XO embryo, and on fertilization 
with a normal } -bearing sperm cell could give an YO em- 
bryo. It will be seen that non-disjunction of the sex chromo- 
somes in the formation of an egg cell can give rise to tw’O 
new genetic constitutions, XXX and YO. There is reason to 
suppose that YO, involving a deficiency of the large X 
chromosome, would be lethal, as it is in the fruitfly. The 
XXX constitution, however, has been found several times 
in near normal women. 
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It is interesting that, though the sex chromosome abnor- 
malities in man parallel those in the fruitfly, the details of 
sex determination are different. The Y chromosome appears 
to have little function in the fruitfly. The X'XY individual is 
a fertile female, the XO individual is a male, so that two X 
chromcsomes produce a female and one X a male. In con- 
trast, the XX Y human is a modified male and the XO 
human a modified female. In man the little Y chromosome 
appears to be the prime determinant of masculinity. Tliis is 
confirmed by recent discoveries of patients with Klinefelter’s 
ssndrome having the genotype .VVJSfy, who are still mascu^ 
line in spite of the three X chromosomes. 

Mon^oUsui: tnwniic state of one cf the smallest chromosomes 

No monosomies ha\c >ct been found for any of the other 
22 chromosome pairs, but three trisomics for autosomes have 
already been found and one of these is of considerable im- 
pel tance in medical practice. 

Nearly a century ago, an English physician, Langdon 
Do\sn, distinguished a group of iru’-eciles and idiots, whom 
he was able to recognize by their physical peculiarities. He 
called the condition in these patients ‘mongolism’. This is 
perhaps an unfortunate term as their resemblance to mem- 
bers of the Mongolian races is only superficial and there is 
no real association. Like patients with Klinefelter’s syn- 
drome, mongols are not uncommon and constitute about 2 
in a thousand live-bom children in western Europe and 
North America. Turner’s syndrome in contrast is rare. The 
characteristic physical features in mongols may occur indivi- 
dually in normal children, but only occur together in mon- 
golism. These features include a small round head, small 
eye-openings which are somewhat slanting and have a per- 
sistent fold of skin over their inner edge, a small bridge to 
the nose, a small mouth without the normal cupid’s bowing 
of the lips, small simply formed ears, short fingers with an 
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especially, short second segment of the little finger, and general 
laxity of the joints. There are also more detailed characters 
one may recognize in the pattern of the iris and in prints 
taken from the palm of the hand. Certain internal malfor- 
formalions, in particular malformations of the heart, are 
also common in mongol children. The degree of mental 
defect varies, but only a few aie suited to schools for the 
educationally subnormal and mo-.! come under the care of 
the local health authority. Although the condition is most 
often recognized in western Europe and North America, 
where it contributes a substantial proportion of all imbecile 
children who survive to school age, it also occurs in the 
Mongolian and African races. 

Since the first description, many clues to the cause of 
mongolism have been found. Mongol children usually occur 
sporadically in an otherwise normal family, and there is no 
special tendency for other types of malformation to occur 
in the relatives of mongols. The incidence of mongolism 
increases sharplj as the age of the mother increases. The 
risk of a woman of twenty having a mongol child is only 
about 1 in 3,000. for a woman of forty, however, the risk 
is about 1 in 100, and for a woman of forty-five it may be 
as much as 1 in 50. The usually negative family history and 
this curious effect of mother’s age did not suggest any of the 
usual forms of genetic determination. In favour of genetic 
determination, on the other hand, is the observation that 
while fraternal twins of mongols are seldom also mongols, 
the Identical twins of mongols (that is twins derived from a 
single fertilized egg cell and so with the same genetic consti- 
tution) are always also mongols. A second piece of evidence 
for genetic determination is the six recorded instances, all 
recent, of mongol women having children. Three of these six 
children, surprisingly, were also mongols. This suggested 
that some kind of unusual mutation was the cause of mon- 
golism and some years ago workers at University College, 
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London, examined the chromosomes of a mongol child, but 
owing to the inadequate techniques then available found 
nothing definitely abnormal. Early in 1959, however, first 
in France and then independently in Edinburgh, the new 
techniques of chromosome counting were applied to mon- 
gols and it was found that the dozen or so patients examined 
all had 47 chromosomes. The extra chromosome was very 
probably a third menibci of the 21st or 22nd pair, which, 
together with the > chromosome, arc the smallest. The pos- 
sibility that It was an extra Y chromosome was considered, 
but this was unlikely, since a female mongol would then haw 
an AA }' genetic constitution, which is known to produce 
not mongolism, but Klinefelter's syndrome. The distinction 
was more clearly made when an imbecile in an English col- 
ony for mental defcctnes was recognized to have both mon- 
golism and Klinefelter’s syndrome. On examination he was 
found to have 48 chromosomes, that is two extra, being 
tnsomic both for the sex chromosomes, and for the 2Ist or 
22nd pair. 

hanslocation: a second mechanism Jot the pioduction of 
til’ omoiome ahnoi mail ties 

Recently an interesting variant of mongolisn. has been found 
which is important because it explains the rare instances 
where several members of a family are mongols. These are 
indistinguishable externally from other mongols, but they 
have 46, and not 47, chromosomes and have two instead of 
three of chromosome 21. Detailed examination of the other 
chromosomes shows that one member of either pair 15 or 
pair 22 is unusually long There is good reason to suppose 
that this extra long chromosome has risen from an uneven 
exchange (called a ‘translocation’) of chromosome material 
between chromosome 15 (or in other instances chromosome 
22) and chromosome 21, so that the long chromosome is 
almost all of 15 plus almost all of 21, conventionally ivritten 



202 


HUMAN HEREDITY 


as 15/21. In effect, therefore, mongols are trisomic for 
chromosome 21, although the third 21 is contained in the 
unusual 15/21 chromosome. Study of the chromosomes of 
the parents of these mongols has shown that often the mother 
(it probably could be the father, though this has not yet 
been reported) has only 45 chromosomes, with only one 21 
chromosome, but once again most of a second 21 attached 
to 15 to give the long 15/21 chromosome. These women 
have a nearly normal total chromosome complement and 
are themselves normally developed, mentally and physically, 
but they have a special liability to have mongol childicn of 
the type with 46 chromosomes (inclusive of the double 
chromosome) When thej foim ova they produce four 
types, one with a 15/21 and a normal 21 chromosome, 
one with a 15/21 thromosomc and no 21 chromosome, 
one with a normal 15 and 21 thromosomc one with a nor- 
mal 15 and no 21 chromosoi le 1 his is shown in 1 igure 67. 



b7. Chromosome ‘tianslosation’ resulting in familial niongslism 


On fertilization by a normal sperm the first will give a mon- 
gol child ; the second an apparently normal child but, like 
the mother, a carrier of the 15/21 chromosome; the third a 
normal individual; the fourth an individual who is truly 
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monosomic for chromosome 21 and this will probably 
cause early death of the embryo. In families recently reported 
from The Hospital for Sick Children and Guy’s Hospital, 
and from University College, London, the 15/21 chromo- 
some has been traced back from mongol patients through 
their miithers to the maternal grandmothers. 

Further developments 

Chromosome studies in man arc being pursued energetically 
in many centres. Trisomy of two other chromosomes is al-^ 
ready established, each causing severe and characteristic 
abnormalities of development. Others may well cause intra- 
embryonic death. As more powerful microscopy is used, it 
is probable that minor losses and reduplications of chromo- 
somes will be recogni/cd and related to specific human abnor- 
malities. But it is already apparent that through mongolism 
an appreciable proportion of alt mental defect, and that 
through Klinefelter’s syndrome an appreciable proportion 
of all male sterility is caused by non-disjunction of chromo- 
somes. 

Little is yet known and intensive study is needed of the 
factors which arc responsible for the development of chro- 
mosome abnormalities. Animal expcriraenis have shown 
that irradiation can cause chromosome aberrations, includ- 
ing an increase in the total number of chromosomes. 



CHAPTER 11 


Some Diseases and Malformations due to 
Single Abnormal Mutant Genes 


One can classify normal human variation into that which is 
mostly due to genetic dilference, that which is mostly due to 
differing environmental experience, and that which is a com- 
bination of both genetic and environmental difference. In the 
same way one may classify malformations and disease pro- 
cesses. 

A small proportion of all disease and malformation is 
largely genetically determined. This is particularly true of the 
conditions which arc due to the chromosome abnormalities, 
discussed in the last chapter, and those due to mutant genes 
of large effect, dominant, recessive and sex-linked recessive, 
of which some examples are given in this Chapter. But for 
the reasons given in Chaptcis 8 and 9, nearly all the condi- 
tions due to mutant genes of large effect arc rare disorders 
if they are at all serious. As will be seen in Chapter 12, the 
genetics of common disorders is nearly always complex and 
difficult to unravel. 

DOMINANT MUTANT GENTS: SOMT EXAMPLES OE 
CONDITIONS DUL TO SUCH GENES 

Achondroplasia 

In most large circuses there arc some dwarf clowns; these 
are usually very short, thick-set individuals with large square 
heads. The upper parts of their arms and legs are particularly 
short. Their intelligence and physical fitness, at any rate in 
those who survive infancy, is near normal. Their biological 
fitness is, however, very low; few have children and the 
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affected women can only have children by Caesarean section. 
The essential abnormality is a failure of the change from 
gristle to bone at the growing ends of the long bones; but the 
exact nature of the alteration in the normal chemistry of the 
gristle and bone cells is not yet known. 

A proportion of children born with this condition die 
very young and in some of these the condition may not be 
due 1o genetic factors. The family trees of those who survive 
suggest that the condition in them is due to one or more 
dominant genes. Since their biological fitness is low, most of 
them are born to normal parents. On the other hand, when 
they do have children, half their children on the average are 
affected in the same way. T he families of two such patients 
known to the author are shown in higure 68, and Plate 3 
shows the affected mother and son in the fiist family. 

68. Two family trees 
of patients with 
achondioplasia 



All four of the children of the two achondroplastic mothers 
were born by Caesarean section. If eithei of the two affected 
boys has children, the risk for each of the e children of being 
affected is a half. 

An interesting feature for the children affected by fresh 
mutations is that the father’s age at their birth, rather more 
than the mothei’s, tends to be abo\e the aveiagc age of 
fathers of new-born children. This may provide a clue to the 
cause of the mutation or mutations concerned. The produc- 
tion of sperm cells involves more cell divisions, and so more 
copying of the chromosomes, than the production of egg 
cells. This suggests that the mutation concerned is one that is 
especially likely to occur in the copying process. 



266 


HUMAN HEREDITY 


There is little doubt that this particular dominant mutation 
has been recurring through history and probably prehistory; 
many statuettes of the ancient Egyptian god Bes represent 
him as achondroplastic. 

The frequency of the condition appears to be about 1 in 
40,000, and since those affected have a low fertility this 
indicates that the mutation rate of the gene-locus, or perhaps 
the summed mutation rates of the two or three gene-loci 
concerned, is of the same order. 

Familial polyposh of the lar^e bowel 

The abnormality in this condition consists of small growths 
(polyps) on the inner surface of the large bowel. They 
appear in childhood and cause little trouble till middle age. 
Some time in middle age, howeser, some of these growths 
develop into an invasive cancer, which spreads and if un- 
treated kills the patient. The safest procedure once the con- 
dition is recognized is to rcmo\e nearly all the large bowel 
by operation before cancer develops. The patient is left with 
surprisingly little disability and has no longer any risk of 
dying of cancer. Fortunately, the childien of affected indivi- 
duals, who have a one in two iisk of developing the condi- 
tion, can be told whether the> have the gene concerned or 
not by examination for the polyps, long before they them- 
selves come to have children of their own. If they have no 
polyps they then have no risk of transmitting the gene to 
their children. If they have developed polyps, then their 
children in turn have a one in two chance of developing the 
condition and of requiring the same operation. 

The frequency of the condition is not known; but it is 
certainly rare, as one would expect with a condition due to a 
dominant gene which is likely to cause the death of some of 
those affected by it in early middle age. Dukes, the patholo- 
gist of one of the hospitals in London specializing in diseases 
of the large bowel, was recently able to report thirty-three 
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families that had come to his notice, but these were drawn 
from a wide area. Three of the families he reported are shown 
in Figure 69. It will be seen that in the first two families (a 
and b), the mutant gene has disappeared in the third genera- 
tion because those affected did not have children. In the 
third family (c) the present generation has been examined, 
those aficcted detected early and cancer prevented by re- 
moval of the large bowel. 

A 



■0 - affeaed. with cancar B9 - affected, but no cancer yet 
69. Pedigrees of familial polyposis of the large bowel recorded by Dukes 


Hereditary spherocytosis {acholuric jaundice) 

The essential abnormality produced by the mutant gene re- 
sponsible for this disease is that the red blood cells are more 
rounded than is normal and, associated with this, more 
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fragile than Dormal. This can be shown in the laboratory by 
subjecting the cells to increasing dilutions of salt solution; 
cells from patients affected by this disease burst much 
sooner than cells from normal men and women. The exact 
nature of the chemical abnormality responsible for the 
swelling of the cells has not yet been found. 

All patients with hereditary spherocytosis destroy their 
red cells more quickly than normal and so tend to have 
anaemia and low-grade Jaundice; the jaundice is due to the 
breakdown products of the red pigment m the red cells. 
Some patients arc very little handicapped. Others get perio- 
dic crises when for unknown reasons the breakdown of the 
red cells is very much increased and those affected become 
severely anaemic and very jaundiced. Most of the red cell 
destruction occurs in the spleen and the healtli of affected 
individuals can be much improved by an operation in which 
the spleen is removed. 

When the families of patients with hereditary spherocy- 
tosis are investigated, it is often found that no relative is simi- 
larly affected. This is sometimes due to the patient’s illness 
being the result of a fresh mutation; the fitness of affected 
individuals is reduced because some die in childhood so that 
an appreciable proportion of patients will be affected by 
fresh mutations. In other instances, while neither parent has 
any symptom of the disease, one paicnt is found to have 
spherocytosis and so has the gene like the patient, though 
less severely affected by it. Judging by symptoms, therefore, 
it is possible to have the disease skipping a generation, 
being transmitted, say, from grandparent to one or more 
grandchildren through an apparently normal parent. 

The incidence of the disease in Europeans is estimated to 
be between 1 in 10,000 and 1 in 20,000. Since fitness is well 
above a half, this would fit with a not unreasonable mutation 
rate for a sin^e gene-locus; but there are indications that 
there is more than one type of the disorder. 
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Gout 

The symptoms of gout are due to the deposit of crystals of 
the sodium salt of uric acid in the tissues around joints. 
There are recurrent attacks of swelling and pain in one or 
more joints. As with hereditary spheroc)Tosis the cause of 
the acute attacks is not known. The underlying abnormality, 
however, is in the body’s metabolism of the base purine, the 
precursor of uric acid, such that the level of urates in the 
blood is unusually high at all times. The attacks of arthritis 
usually do not begin till the patient is middle-aged. 

Family studies of gout suggest that a dominant mutant 
gene may be responsible but there are many skips in the 
pedigrees. Chemical studies, however, show that those wflo 
appealed to transmit gout without themselves being affected 
often had the unusually high levels of urate in the blood. In 
women the urate level in the blood is normally lower than in 
men, so that even when they possess the mutant gene for 
gout their blood urate levels though above normal are 
usually still insufficiently high to give attacks of gout. If the 
unusually high level of uiate in the blood is taken as the 
clfcct of the gene there arc few skips, and the family patterns 
arc those of a dominant gene witii about half the children of 
those affected also affected. 

The incidence of gout in the population is rather less than 
1 in 1,000. The proportion, however, of those who carry the 
gene lesponsible, but who are not affected by it, is probably 
about ten times greater. Since fitness will not be much re- 
duced by gout these frequencies would fit a normally low 
mutation rate, 

Huntington's chorea 

This rare condition is perhaps the most striking of the 
diseases due to dominant genes which affect the brain. The 
abnormality is a degeneration of the nerve tissue in the 
brain, affecting some parts more than others. The two main 

T-h 
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symptoms are the development of continuous involuntary 
movements and progressive mental deterioration. 

The first full description was given in 1872 by the Ameri- 
can physician after whom the disease is named. He described 
cases in families in Long Island. Earlier affected members in 
these families had been known to his father, and to his 
grandfather who started medical practice there in 1797. 
Huntington was able to show that the mutant gene had been 
present in immigrants from Bures in Sullolk, who landed at 
Boston in 1630. Tn one case the line (sf descent could be 
traced unbroken through twelve genei.itions to one of these 
immigrants. Some of those affected weie accused in the 
Salem witch trials. 

The disease may have an onset at any time from childhood 
to old age, but the majority are aflected in early middle age. 
Obviously young adults who are the children of men or 
women affected with this condition arc in an unenviable 
situation. They have a one in two chance of developing the 
condition by inheritance of the gene from their affected 
parent, while if they have children themselves and later de- 
velop the condition these children will be in the same difficult 
situation. Some method of detecting the presence of the gene 
before it causes overt disease would be a great boon to the 
50 per cent or so of the individuals in these families who will 
not have received the gene. They cannot tiansmit it to their 
children and have no cause to feai their own future. The 
other 50 per cent would know for certain that there was a 
one in two risk for their children. 

RFCISSIVI MUTANT OF NTS: TWO 1 XAMPLLS OF 
CONDITIONS DUE TO SUCH 01 NFS 

Fibrocvitic disease of the pancreas 

This is the most common of all diseases due to mutant genes 
of large effect in this country, other countries of northern 
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Europe, and North America. It probably affects about 1 
child in 2,000. The essential abnormalities appear to be that 
the mucus secreted by the mucous glands in the digestive and 
respiratory tracts is abnormally viscid, and the sweat glands 
produce sweat which has an unusually high content of salt. 
The main effects of this disease are due to the viscid mucous 
secretion. The duct of the pancreatic gland which produces 
some ( r the main digestive ferments tends to become blocked, 
so that digestion of fats and protein foodstuffs is incomplete. 
The smaller air ducts in the lungs tend to become blocked 
and then infection develops in the blocked duets. In the past 
no p<iticnts ha\c been known to survive into adult life; but 
now patients aic being increasingly successfully treated witfi 
animal pancieatic extract to overcome the digestive disturb- 
ance, and with drugs such as penicillin lo control the lung 
infection. The loss of salt in the sweat causes no trouble in 
this country, but may lead to heat exhaustion in a hot 
climate. 

It IS very piobable that a recessive mutant gene is respon- 
sible for this disease. It is established that the risk to bro- 
thers and sisters of patients of being affected also is close to 
one in four, while other relative., are rarely affected. No 
incieasc in first cousin marriages has yet been shown among 
the paicnts of patients. This, however, is understandable as 
the disease is so common. The carrier frequency in the popu- 
lation. assuming that the frequency of homozygotes is 1 in 
2.000, will be between one in twenty and one in twenty-five, 
so that the risk of a man heterozygous for the gene marrying 
another carrier is only increased three- or four-fold if he 
marries a lirst cousin. 

A frequency of 1 child in 2,000 affected is too high to be 
maintained simply by fresh mutation and suggests that 
carriers must have some selective advantages over those 
homozygous for the normal gene. There are no indications 
of the nature of this advantage. It has also not proved 
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Wife to detect the carriers reliably, though there are 
\ndications that some of them may have a rather more 
concentrated sweat than normals. 

Phenylketonuria 

This disease, to which reference has been made several times 
in earlier chapters because the nature of the abnormality is 
unusually well understood, affects about 1 child in 40,000 in 
this Country, northern t urope, and North America. The 
essential lack is in the ability to change the aminoacid 
phenylalanine to tyrosine. One of the standard tests often 
made in hospital is the addition of ferric chloride to a speci- 
men of the patient’s urine. 1 crric chloride gives a green 
compound with one of the derivatives of phenylalanine 
which appears in the urine of patients with phenylketonuria. 
Once this reaction had been discovered it was simple to test 
the urine of patients in hospitals for severely mentally handi- 
capped children, and it was found that about 1 in 100 of the 
patients in these hospitals were suffering from phenylke- 
tonuria. It then became clear that about one in four of the 
brothers and sisters of patients were similarly affected and 
that some of the affected children were the offspring of a 
cousin marriage, burthcr experience has shown that while 
most patients with this condition are severely mentally 
defective, a few have intelligence quotients well above the 
defective level. 

Determined attempts are now being made in several 
centres to treat these children on diets from w'hich all phenyl- 
alanine has been removed, on the principle that the mental 
defect is not an essential part of the disease but due to poison- 
ous by-products of phenylalanine. There are indications 
that this treatment may be partially successful provided that 
treatment is started very early in life. 

In recent years, too, great advances have been made in 
detecting the carriers. The first method was by giving the 
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suspected carriers a large dose of phenylalanine and show* 
ing that it was not cleared as quickly from their blood as in 
normals. More recently, it has been found that a single test 
of the level in the blood before breakfast will distinguish 
carrier* ^rom normals in most instances. 


SEX-IINKED RbCISSlVI MUTANT GI'NFS: AN 

EXAMPLE OF A CONDIllON CAUSED IN THIS WAY 

Diabetes insipidus of rerun orii>in 

Diabetes insipidus or ‘water’ diabetes, is the condition in 
which large amounts of urine are excreted by the kidndy, 
due to a failure of the kidney to concentr.xte urine. This con- 
centration noimally occi”‘s in the tiiouies of the kidney un- 
der the influence of a hormone secreted by the posterior part 
of the pituitary gland. The -imount of this Iiormone secre- 
tion and of the degree of concentration of urine is deter- 
mined by the amount of water in the body. When a man 
drinks more water than he needs the sccietion of hormone 
falls and he gets rid of water by passing a dilute urine; when 
he is short of water the hormoi .. secretion rises so that he 
keeps what water he has by excreting a concentrated urine. 

Diabetes insipidus is of two types. In the first type it is the 
secretion of posterior pituitary hormone which is lacking. 
These patients can be treated with posterior pituitary extract 
from animals. In the second type there is no abnormality in 
posterior pituitary secretion, but the tubules fail to concen- 
trate the urine even when large amounts of posterior pitui- 
tary hormone arc present. Two distinct types of mutant gene, 
one dominant and one sex-linked recessive, which cause the 
first type are known. The second type is more serious. In this 
there is no way of increasing the concentrating capacity of 
the kidney and the only way that the kidneys can excrete the 
waste products of metabolism is by e.xcreting large quantities 
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of water at the same time. This is only possible if the 
affected individuals are drinking large amounts of water. If 
the condition is not suspected affected children do not, in fact, 
get enough water, the waste products of metabolism accumu- 
late in their blood and tissues, and they may die young or 
become mentally defective. Even if the condition is recog- 
nized it may be necessary in infancy to keep them on a low 
food intake, especially of foods containing salts and nitrogen 
compounds, so that the amount of w.islc products to be 
excreted is limited. 

The condition is probably due in most instances to a sex- 
linked recessive mutant gene, flic gene is, however, not 
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70. Eamily trce.s of four patients hasing diabetes insipidus ef lenal 

origin 


totally recessive, so that in many instances it is possible to 
recognize the heterozygous female carriers of the disease. 
This is valuable in a disease where early treatment may be 
needed to prevent death or mental defect. Carrier women 
usually have no overt abnormality, except that as children 
they may have had to keep water by their beds to drink in 
the night. If, however, their ability to concentrate urine is 
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tested by asking them to drink nothing for twelve hours, it is 
usually found to be well below that of normal individuals, 
though better than that of the affected sons and brothers. 
The families of four patients with this condition known to 
the author are shown in Figure 70. The concentration tests 
show that the young woman iii, 1 and the girl i v, 2 in pedi- 
gree A and the girls i v, 1 and 2 in pedigree d are not carriers, 
but the young woman iii, 1 in pedigree b is almost certainly 
a carrier. 



CHAPTER 12 


Some Common Illnesses for which there is 
Genetic Predisposition 


The conditions chosen to illustrate the part played by genetic 
factors in common illnesses are diabetes mellitus or ‘sugar 
diabetes’, gastric and duodenal ulcer, rheumatic fever, men- 
tal retardations, (he two main types of insanity, and epilepsy. 
For reasons mentioned earlier, it is not to be expected that 
common illnesNcs will have a simple genetic determination. 
In most instances all that can be shown at the moment is 
that genetic factors probably play some part in causing 
the disease. 

But because the illne^-ses chosen arc common most people 
will have a relative who sutlers from one of these diseases 
and readers should not let this cause them anxiety for their 
own health or that of their children. The conditions where 
there is a high risk of hereditary transmission are nearly all 
of the type described in Chapter 10 due to a single mutant 
gene of largo elfect. F\en here the reader should not apply 
the risks quoted to his own case without consulting his 
family doctor, who will if necessary arrange for expert 
advice. 

Diabetes mellitus 

Diabetes mellitus or ‘sugar’ diabetes resembles diabetes in- 
sipidus (see page 213), in that large amounts of urine are 
passed. The essential abnormality here, however, is a failure 
of the body’s use of glucose sugar; so that the level of glucose 
in the blood is high and this spills over into the urine. The 
sugar in the urine prevents concentration of the urine so that 
a great deal is passed. There are different degrees of the dis- 
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order. The milder degrees, commoner in older people, may 
often be treated merely by restricting the glucose-forming 
constituents of the diet, sugars and starch. In the severer 
forms, commoner in younger people, the disease needs to be 
controlled by daily or twice daily injections of insulin. Insu- 
lin is the hormone from the pancreas which favours the 
utilization of glucose by the muscles. 

Family studies show a definite family concentration of the 
disease. A number of surveys have been made in America, 
England. Russia, and Switzerland and, most recently, Den- 
mark. No exact figures are available for the risk to the mem- 
bers of the general population of developing diabetes at sojpe 
time in their lives, but it is probably between 1 and 2 per cent 
in the countries mentioned. Much the greater part of this 
risk occurs after the age of forty, though the onset may be 
much earlier and even occur in infancy. The risks to the 
near relatives of diabetics is certainly higher than this. In 
identical twins it is of the order of 50 per cent and would 
be higher than this if these co-twins were followed to the 
end of their lives. Among fraternal twins the risk is notably 
lower, about 10 per cent. In non-twin brothers and sisters 
the proportion found affected is about 5 per cent, and the 
risk is probably about 15 per cent if allowance is made for 
those who are yet to develop the disease. This risk is about 
doubled if one of the parents is also a diabetic. The propor- 
tion of parents affected is much the same as that for brothers 
and sisters, and probably lower if allowance is made for their 
greater age. No satisfactory information is yet available for 
the risks to the children of diabetics, but it may well prove 
to be much the same as for parents. 

It seems very likely then, that genetic factors are important 
in causing diabetes, but no very reliable conclusions may yet 
be drawn on the mechanism of the inheritance of the illness. 
The finding that half the identical co-twins of diabetics are 
unaffected shows that the genetic predisposition does not 
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always take effect There are indications that there may be 
more than one type of genetic predisposition since patients 
in the same family tend, in general, to resemble each 
other for the age at which they develop their diabetes, 
though there are plenty of c ceptions In one series of 
patients who were attending a London hospital and were 
investigated by Harris, there were an unusual number of 
patients who were the offspring of cousin marriages among 
those with an carlv onset of diabetes but not among those 
with a late onset of the illness 

It would be useful in treatment and even prevention if 
among young relatives of patients with diabetes those who 
were going to develop the disease could be rccogni/ed early. 
There is little doubt that a pre-diabctie state exists for 
example diabetic women have unusually heavv babies and 
this IS true also of babies born before the mother develops 
the illness There are indications that e irlv recognition may 
be possible, but no method i vet reliable 

Gdstiu and diivdiiiul idict 

Two of the commonest diseases are ulcers of the stomach and 
of the first part ol the small intestine leading from the 
stomach known as the duodenum The causes of the two 
conditions are not kno\> n but there are indications that en- 
vironmental factors such as diet and occupation play a part. 
It also seems probable, however, that there is a genetic pre- 
disposition In one recent studv bv Doll and Bueh in north- 
west I ondon It was found that the fathers mothers, bi others, 
and sisters of patients with gastric and duodenal ulceis had 
such ulcers themselves more than twice as often as the nu m- 
bers of the general population in the same area For example, 
of the brothers over thirtj-fave >ears of age, fifty-four were 
found affected when only twenty -three would have been ex- 
pected It was not alwavs possible to distinguish between the 
two types of ulcer in this investigation, but where it was 
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possible, the type tended to be the same in the patient and 
his affected relation. 

While it is possible that common family environment 
might account for this increased risk to relatives, it is un- 
likely. The problem could be solved by studies of the twins 
of patients and comparing the proportion of identical and 
fraternal twins also affected. The best twin study so far comes 
from tlie big Danish twin study, now being undertaken, of 
all twins born between 1870 and 1910. The results to date 
arc that twelve of twenty-nine identical co-twins and ten of 
forty-six fraternal co-twins (of the same sex) are also aflec- 
ted. While the series is still too small to exclude chance as a 
cause of the differences between the two types of twins, the 
results favour genetic predisposition of the conditions. 

The genetic predisposition here is likely to be niultifac- 
torial. A most interesting recent discovery is that, as men- 
tioned in Chapter 3, the genes determining the abo blood 
groups, and the genes which determine whether the mucus 
in saliva and other bodily secretions have abo group speci- 
fic antigens, influence the risk of developing duodenal ulcer. 
The tendency for near relatives to have the same abo blood 
group and resemble each other lor the secretor factor is, 
however, not enough by itself to account for the increased 
risk to near relatives for duodenal ulcer. Other genes must 
also be concerned. 

Rheumatic fever 

A number of children react to an infection of their throats by 
streptococcal bacterid by developing an illness known as 
rheumatic fever. They develop fever, pain, and inflammation 
in several joints, and in many instances inflammation of 
the valves of the heart as well. The fever and the joint inflam- 
mation settle and leave no after-effects, but the inflammation 
of the valves of the heart may lead to scarring of these 
valves and impairment of their function. This is particularly 
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likely to happen where the child has had several attacks of 
rheumatic fever, and rheumatic fever is the commonest 
cause of severe heart disease in young adults. In all, about 
2 per cent of children in temperate climates develop rheu- 
matic fever. 

However, almost all children develop streptococcal infec- 
tions of their throats and there must be additional factors 
which determine whether the infection leads to rheumatic 
fever. Some of the additional factors are environmental and 
associated with living conditions. Rheumatic fever is more 
common in children in the lower socio-economic classes. For 
example, when rheumatic fever was included among the 
diseases to be notified to the Medical Olficer of Health in 
Sheffield in 1947, it was found to occur proportionately three 
times more often among the children of men who were 
unskilled labourers than among the children of men in 
professional and managerial occupations. But this environ- 
mental influence does not seem enough to explain the concen- 
tration of rheumatic fever that is found within families. The 
first degree relatives of patients with the illness are five to ten 
times as likely to have had the illness as arc members of the 
general population, if neither parent has had the disease the 
risk of the brothers and sisters of patients is about one in ten. 
The risk to the children of patients is also found to be about 
one in ten, and both these findings underestimate the true 
risk since some of these relatives may develop the disease 
later. An additional finding which is difficult to explain on 
purely environmental grounds is that where the patients had 
a parent who was also affected the risk to brothers and sisters 
is doubled. In the few families known where both parents were 
affected the majority of the children in the family developed 
the disease. There arc, as yet, no large series of twins where 
one has rheumatic fever, but there are strong indications 
that identical co-twins of patients are more often affected 
than are fraternal co-twins. In the Danish series, 6 of 35 
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identical pairs and 10 of 145 fraternal pairs are concordant. 

Rheumatic fever, therefore, provides an instance of a 
disease where the immediate cause is environmental (infec- 
tion by a bacillus) and where additional environmental fac- 
tors related to living conditions play a part. But genetic 
predisposition is also important in determining whether a 
child reacts to the infection by developing rheumatic fever. 

Inheritance of mental defect 

Over one-third of all hospital beds in this country are occu- 
pied by men, women, and children with mental defect or 
mental illness. These two conditions are quite distinct. 
Mental defect is a defective capacity for thought. In mental 
illness thought is disordered and out of touch with reality, 
but within the limits of the disorder the patient may be 
highly intelligent. Mental defect is usually present from birth 
and the more severe forms can be recognized as early as six 
month'' of age. There are, however, forms which develop 
later in childhood and some wliich develop in adult life. The 
onset of mental illness of the type commonly spoken of as 
insanity is nearly always in adult life, though there are 
occasionally young children who show a mental illness in 
many ways resembling one of the adult forms of insanity, 
schizophrenia. Contrary to common belief there is no con- 
nexion between insanity and mental deficiency. 

The milder forms of mental defect are best regarded as 
part of the normal variation of intelligence. The defect is due 
to the same kind of factors as those which determine the 
differences between dull, average, and bright individuals. 
These factors are in part genetic and in part environmental. 
About 1 child of school-age in 50 is affected with a mil d 
degree of mental defect. The severer forms of mental defect 
are mostly due to definite disorder or malformation of the 
brain and about 1 school-age child in 300 is affected with 
this degree of defect. The proportion at birth with severe 
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defect 1<! perhap<; twice ac high, since many of the menially 
handicapped children are delicate and die m infancy or early 
childhood 

TTierc is overlap in intelligence level between the two 
groups and it is not always easy o assign a child with an I Q. 
about 50 to the correct gioup Some children, where the 
mental handicap is ccrtainh due to a disease process, such 
as phenylketonuria, brain damace from rhesus incompati- 
bility, or mongolism, ma\ occasionally have an I Q above 
50 while in some children with an I Q of about 40 there is 
no apparent evidence of any disease or malfoimation even 
on post-mortem examination Nevertheless the distinction 
between ‘normal’ and ‘pathological forms is uselul and the 
more severe the mental defect the more probable it is that 
the cause is malformation oi disease 

The ncai relatives of patients with the mildei degiees of 
mental defect show the ueual legression towards the mean ot 
the population They have intelligence distributed lound a 
level well below the averaee but well above that ol the de- 
fective patients This tits with the theory that these patients 
aie part of the normal variation of intelligence, the counter- 
parts at the bottom end ol the scale (ot intelligence) of highly 
intelligent individuals at the top end 

The ncai relatives ot p.\tients with severe mental delect 
show a very different pattern They tall into two groups a 
large ma)ority whose distiibution ot intelligence is close to 
that of the general population and a small minoi ity who are 
as handicapped as the patient themselves Where the defect 
of intelligence in the patients is due to some accidental 
iniurv to the brain before or after birth it is understandable 
that relatives should be noimal. Where the detect ot intcl- 
hgenee is due to mutant genes of largv effect, lelativcs will 
eithei be normal or w ill have the same genetic predisposition 
and so tend to be affected in the same way as the patient. 
Not all the genetically determined types of severe mental 
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defect can be distinguished. It is found, for example, that 
among the parents of children with severe defect of non- 
specific type, there are more cousin marriages than in the 
population at laigc, suggesting that some of these children 
are affected by as vet unrecognized lecessive genes. It is 
probably laigeK because of the cxistente of these unrecog- 
nized rccessnc t\pes of defect, that the risk of mental defi- 
cienc\ m latei brothcis and sisters of children with 
non-spccitic scvcie mental defect is above the landom risk. 

Will re theie aie any specific features accompanying the 
nicntil defect, however, there is usually little difficulty m 
recognizing the tvpes ol defect due to icccssive mhcntancs, 
bv the usual ciileiia that is, the one m foui iisk to brothers 
and sisters of beinc ailected m the same way, and the m- 
cieasc in cousin marriages in the paients With severe mental 
defect due to dominant mutant genes, the recognition of the 
mode of inheritance may not be easy, since it is very lare for 
men and women with this degice of mental defect to have 
childicn Till, was also tiue of severe mental defect due to 
chioniosome abnoimalitics until the new methods of observ- 
ing chiomosomes weie developed 

Mental ilInc’M 

It IS a populai beliel that insanit> is stiongly mheiited. This 
IS onl> partly correct It is true that, m contrast to most 
disturbances ol organs othei than the biain, insanity can 
seldom be attiibutcd to some known enviionmcntal cause, 
such as a vitamin deficiency, a poison, infection, or severe 
mental stiess There is also good evidence that genetic pre- 
disposition IS often important in determining whether or not 
a man oi woman becomes insane But additional environ- 
mental factois must also be important Mental illness is 
common About 1 individual m 30 at some lime or other m 
his life suffer’, from mental illness, and so any genetic pre- 
disposition lor such illness must be widespread m the 
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population. Because of this generally high risk of developing 
mental illness, even if there were no genetic predisposition 
one would often find that a patient has at least one relative 
who also has a history of mental illness In order to prove 
that genetic factors play a part it must be shown that near 
relatives of the mentally ill are more often also mentally ill 
than are members of the general population, and that this 
cannot be explained by common environment Both twin 
studies and the family studies however indicate that there 
really is often a genetic predisposition and that on the whole 
this predisposition ’s specific One tvpc of mental illness only 
tends to occur within one particular family 

T\pes of mental illness 

The classification ot mental illness is difiieult and not fully 
agreed, but two main moups arc recognized, schizophrenia 
and mantc-dcprcssivc insanity Something like two-thirds of 
mentally ill patients can be issigned to one or the other 
group There are those individuals whose illness shows fea- 
tures of both types and here experts may differ on the correct 
assignment There arc also varieties of I'lncss which do not 
belong to either croup At the moment neither chemical 
investigations in life noi pathological investigations after 
death are of much help in the classification 

Manic-depressive illness is typically characterized by 
changes in mood, which occur in cycles In the manic phases 
the patient is abnormally active mentally and physically, and 
his mood IS one of elation In the depressive phases, the 
mood, as the name suggests, is one of severe depression and 
physical and mental activity are much reduced. Swings of 
mood of a lessei degree are a common experience, but 
in manic-depressive insanity they are more severe, and 
such that the patient may lose touch with reabty. Often only 
at the peaks of the illness does the patient need admission to 
hospital, and many patients need admission to hospital on 
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only a single occasion. In schizophrenic illness the mood is 
typically one of withdrawal and indifference and the thought 
disorders are more bizarre. The illness is usually more pro- 
longed, so that while the proportion of the population who 
develop schizophrenia is no higher than that of those who 
develop depressive insanity, the number of patients in mental 
hospitals with schizophrenia is always much higher than the 
number with manic-depressive insanity. 

/iu/7 studus in mental ilhuis 

\ number of twin studies have been made for both types of 
mental illntss in Gcimanv, America, and in this country, 
fhev agree in showing that the risk of identical co-twins of 
patients also being affected with mental .llness is significantly 
higher than the risk for likc-sex fraternal co-twins They 
agree in the finding that the iisk among like-sex fraternal co- 
twins IS ot the same order as the risk to non-twin brothers 
and sisters of the patients, and notably higher than the risk 
in the general population Further they show that wheie the 
cu-twin IS also aftected he has a tvpe ot mental illness which 
IS of the same general type as that of *^he patient 
The manic-depressive series arc on a rather small scale and 
ihe precautions needed in getting an unbiased sample of 
twins were probably not always fully observed, but they 
''how from 50 to 70 per cent of the identical co-twins also 
ifiectcd and 20 to 25 per cent of like-sex fraternal co-twins 
Ko affected. Unfortunately, no series is yet available for 
manic-depressive psychosis where the twins had been 
hi ought up apart. For schizophrenia the twin studies are con- 
iderably larger, since more patients are available and here 
the Fnglish, German, and American senes agree m showing 
to to 80 per cent of identical co-twins also aftected m con- 
trast to 10 to 15 per cent of like-sex fraternal co-twins Kall- 
mann of the New York State Psychiatnc Service has a series 
of identical co-twins of patients with schizophrema, where 
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the twins have been reared apart. He has not published full 
details of these, but he has indicated that the proportion of 
the co-twins also affected is almost as high as when they are 
reared together. If these findings on twins reared apart are 
confirmed they will be evidence of the majoi importance of 
the genetic constitution in determining schizophrenia 

faniil} studies of nianu-depussise ima/utx 

1 unnng to family studies, it is found tliat the proportion of 
first degiec relatives of inamc-dcpiessive patients wlio are 
also aflectcd with mamc-dcpiessive in'.anit\ is of much the 
same order, though a little less than the pioportion of likc- 
sex fratcinal twins The proportion of iclatnts who have 
schizophrenia is no higher than that in the general popula 
tion One of the best family studies was tairied out by 
Stenstedt in Sweden who took as his starting-point all in- 
stances of mamc-depiLSsive psychosis fiom two areas of 
Sweden from 1919 to I94S He found that of the brothers 
and sisters 7 per cent were eeitainlj- affected and another 7 
pel cent possibly affected 1 oi paients the pioportions were 
5 per cent and 7 pei cent for childien 1 1 per cent and 17 
per cent The figure for children appi caches the risk for 
the likc-se\ fratcinal twins The actual manifestation of the 
illness varied in diflercnl members of the same f imily The 
family study suggested that patients wiili manv attacks and 
patients with few attacks, patients with mainlv manic symp- 
toms and patients with mainly dcpiessivc symptoms, pa- 
tients with an early onset and those with a late onset of the 
illness, all had varieties of essentially the same disorder, 
since all these vaiictics might occui within a single family 
On the other hand Stenstedt found that myolutional psy- 
chosis, a type of insanity that occurs particularly in women 
past the menopause, did not occur in these families and so 
was genetically distinct The fact that the proportion of 
identical co-twins also affected is well below 100 per cent 
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indicates that environmental factors must play a part in de- 
ciding whether any genetic predisposition to manic-depres- 
sive psychosis takes effect or not. Looking for such factors in 
the childhood environment of his patients, Stenstedt divided 
them into two groups: those coming from a disturbed home, 
for example with parents divorced or separated; and those 
nith no such unfavourable experience. He found that this 
had a notable effect on the proportion of brothers and sisters 
of the patients who were also affected. For those with an un- 
lavourable home background the risk, including probable 
but not certain cases, was 30 per cent, while for the remainder 
it was 10 per cent. This suggests that a psychologically un- 
favouiablc early environment of this kind helps to make 
manifest any genetic predisposition to develop manic-depres- 
',i\e insanity. Such an unfavourable home background is not, 
of course, in itself, sufficient to cause the illness, since the 
great majonty of those who come from such homes either 
develop no mental illness or onl\ neurosis and not insanity. 

I umilx sliulies of Mhizophnnu inuinitv 

f amily studies have also been made '.t schi/ophrenic illness 
and these have shown that the varieties ol schi/ophrcnia have 
a common genetic oiigin since they tend to occur with above 
average frequence within the same fainilv. family studies 
|)rovided, for example, good confirmation that paranoia, a 
form of insanity in which there arc delusions of persecution 
III an otherwise intact personality, was part of the schizo- 
phrenia group. The risks to brothers and sisters of patients 
with schizophrenia is of the order of 10 per cent and the risk 
to children is similar. Here again cnvnonmcntal factors must 
also play a part, though no one has yet shown how the risk 
is modified by environment in the way tluil Stenstedt has 
shown for manic-depressive insanity. 

The exact genetic mechanisms underlying m<inic-depressive 
I insanity and schizophrenia are not known and are probably 
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complex. There is an indication that recessive genes may be 
concerned in a proportion of schizophrenic illness from the 
finding that where insane patients have parents who are first 
cousins, the illness is unduly often of the schizophrenic type. 
The fertility of manic-depressives is not much reduced, and 
so a frequency of the illness in the population as high as 1 
per cent is not diflicult to explain. With schizophrenia 
however, fertility is much reduced, because of its earlier on- 
set and usually more prolonged course, and it is not easy to 
see how the frequency of the genetic factors concerned is 
maintained rn the population. To make a complete genetic 
analysis of insanity it will probably be necessary to wait until 
the underlying errors of the body's metabolism are better 
understood. Some chemical abnormalities are already known 
in patients duimg the active phases of their illness, but it is 
not clear vet whether thev arc fundamental to the illness or 
merely a by-product. None of those yet known are present 
when the patient has recovered, and so they are not likely to 
be useful in picking out relations of patients who have the 
same genetic predisposition, but have never developed men- 
tal illness. 

Epilepiv 

There has long been a popular belief that epilepsy is strongly 
inherited, but this is largely mistaken. In Sweden it was until 
recently illegal for an epileptic to marry, unless first steri- 
lized, though the law was little observed. Epileptic attacks 
may be a symptom of underlying disease of various types, 
and here the inheritance will be that of the underlying 
disease. A few of these diseases are due to gene mutations 
of large effect, but they are rare. One example is a condition 
known as tuberose sclerosis. This is due to a dominant mut- 
ant gene and all those who have the gene have small growths 
of the deeper layer of the skin on the nose and surrounding 
parts of the cheek. These skin growths are disfiguring but no 
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danger to health. Some patients with this disease may also 
have growths in the heart, kidney, or brain. In the two former 
sites the growths usually cause no symptoms, but the growths 
in the brain lead to mental defect and severe epileptic 
fits. In contrast, where epilepsy is consequent on brain 
damage following, for example, an attack of tuberculous 
meningitis, there is no increased tendency for relatives to 
be affected. 

Epilepsy with no known cause 

In most instances, however, there is no apparent underlying 
cause of the epilepsy. This idiopathic epilepsy shows a definite 
concentration within families, but seldom gives patterns 
suggestive of single gene determination. The proportion of 
identical co-twins of children with idiopathic epilepsy also 
affected is certainly high (in one American study it was 80 
per cent) but there may have been some bias in the way that 
the twins came to notice in this series. In the same series the 
risk for fraternal co-twins was only about 20 percent. Family 
studies of children with idiopathic epilepsy show a risk for 
first degree relatives of about 4 per cent, compared with a 
risk for the general population, by the same standards, of 
between 1 and 2 per cent. 

Within families too, the type of epilepsy tends to be the 
same. If the patient has epilepsy which responds well to 
treatment and clears up later in childhood, then the epilepsy 
in affected relatives usually behaves in the same way. Child- 
ren who have fits only when they have a fever aloO fall into 
this group. If the epilepsy in the patieni does not clear up, 
then, too, epilepsy in relatives tends to be of the same kind. 
It would appear therefore, that there are at least two types of 
epilepsy each with a genetic predisposition. A puzzling group 
have been the patients who have a severe epileptic attack 
early in childhood, which continues to death. Family studies 
show that the relatives of children with this type of epilepsy 
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complex There is an indication that recessive genes may be 
concerned in a proportion of schizophrenic illness from the 
finding that where insane patients have parents who are first 
cousins, the illness is undul j often of the schizophrenic type. 
The fertility of manic-depressives is not much reduced, and 
so a frequency of the illness in the population as high as 1 
per cent is not dithcult to explain With schizophrenia 
however, fertility is much reduced, because of its earlier on- 
set and usually more piolongcd course, and it is not eas> to 
see how the iiequcncy of the genetic factors concerned is 
maintained in the population To make a complete genetic 
analysis ol msanitj it will probably be necessary to wait until 
the underlying errors of the body’s metabolism are better 
understood Some chemical abnormalities arc already known 
in patients during the ieti\e phases of their illness, but it is 
not clear >cl whcthei they aie fundamental to the illness or 
merely a by-product None ol those yet known are present 
when the patient has rctincrcd and so they aie not likely to 
be useful in picking out relations of patients v\ho ha\c the 
same genetic prcdiqi.osition, but hayc ne\er dcycloped men- 
tal illness 

Epilepsy 

There has long been a popular belief that epilepsy is strongly 
inherited, but this is 1 iigely mistaken In Sweden it was until 
recently illegal for an epileptic to marry, unless first sten- 
lized, thougli the law was little obseryed Epileptic attacks 
may be a symptom of underlying disease of yarious types, 
and here the inheritance will be that of the underlying 
disease A few of these diseases are due to gene mutations 
of large effect, but they are rare One example is a condition 
known as tuberose sclerosis This is due to a dominant mut- 
ant gene and all those who haye the gene haye small growths 
of the deeper layer of the skin on the nose and surrounding 
parts of the cheek These skin growths are disfiguring but no 
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danger to health. Some patients with this disease may also 
have growths in the heart, kidney, or brain. In the two former 
sites the growths usually cause no symptoms, but the growths 
in the brain lead to mental defect and severe epileptic 
fits. In contrast, where epilepsy is consequent on brain 
damage following, for e.xample, an attack of tuberculous 
meningitis, there is no increased tendency for relatives to 
be affected. 

Epilepsy with no known cause 

In most instances, however, there is no apparent underlying 
cause of the epilepsy. This idiopathic epilepsy shows a definite 
concentration within families, b'lt seldom gives patterns 
suggestive of single gene determination. The proportion of 
identical co-twins of children with idiopathic epilepsy also 
affected is certainly high (in one American study it was 80 
per cent) but there may have been some bias m the way that 
the twins came to notice in this series. In the same scries the 
risk for fraternal co-twins was only about 20 percent. Family 
studies of children with idiopathic epilepsy show a risk for 
first degree relatives of about 4 per cent, compared with a 
risk for the general population, by the same standards, of 
between 1 and 2 per cent. 

Within families too, the type of epilepsy tends to be the 
same. If the patient has epilepsy which responds well to 
treatment and clears up later in childhood, then the epilepsy 
in affected relatives usually behaves in the same way. Child- 
ren who have fits only when they have a fever also fall into 
this group. If the epilepsy in the patient does not clear up, 
then, too, epilepsy in relatives tends to be of the same kind. 
It would appear therefore, that there are at least two types of 
epilepsy each with a genetic predisposition. A puzzling group 
have been the patients who have a severe epileptic attack 
early in childhood, which continues to death. Family studies 
show that the relatives of children with this type of epilepsy 
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give the family pattern of children with ordinary persistent 
epilepsy, which is resistant to treatment 
One of the most useful aids in investigation of patients 
with lepilepsy IS anelectncal -ecordingof the brain’s activity. 
These recordings arc usually much alike in identical twins. 
It has been found that where an epileptic child has an un- 
affected identical co-twin, it is not uncommon for this co- 
twin to have an electrical recording similar to that which is 
found m epilepsy Similarlv, it has been found noth in 
America and Denmark that among the unaflccted relatives 
of patients with epilepsy, there are an undue number who 
have abnormal recoidings It was hoped, therefore, that 
these abnormal recordings might be indicative of a genetic 
predisposition to cpilepsv Unfortunately, this can only be 
partly true In many instances where epilepsy h is very prob- 
ably been transmitted to a patient froni in un illected relative 
through an unaffected carrier, this carrier has a normal 
electrical recording 



CHAPTER 13 


Congenital Deformities 


Comemtol malformations and public health 

CoNGLMTAi malformations, that is malformations pre- 
sent at birth, are becoming inLreasingl> impoitant for child 
health They aic not becoming more common; but most 
other causes of ill-health m childhood arc being successfully 
treated, e\en prevented, so comiemtal malformations are 
relativeK more important. In 1902, for example, the number 
of livc-born children dying in the first year of life in England 
and Wales was 133 per 1,000 In 1960 it was only 22 per 
1,000. Every year, howevei, the proportion certitied as 
dying from congenital malformations is much the same, 
about 41 per 1,000. In 1902 these malformations were mak- 
ing only a small contribution about onc-lhirtieth - to the 
total death rate. In 1960 they contributed about onc-lifth. 
Since a congenital malformation, though an important con- 
tnbutorx cause, is not alwa>s mentioned on the death certifi- 
cate, It is estimated that row such malformations arc the 
main cause of death of I child in 4 dying in the first year of 
life In addition to the malformations severe enough to cause 
early death there are a larger number which, to a greater or 
lesser degree, handicap the child Something like \ child m 50 
live born, that is about 20 per 1 ,000, have a severe or moder- 
atelv severe ph>sical malformation The most common mal- 
formations arc those of the central ncivous s>stem and of the 
heart, though malformations of the skeleton are also com- 
mon. 
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Causes of congenital malformations 

The causes of congenital malformations are largely un- 
known. One common belief is that upsets, physical and 
emotional, of the mother in pregnancy may cause malforma- 
tion; this is incorrect. Equally prevalent is the view that any 
condition present at birth must be inherited; this is also in- 
correct. In fact, not much is known about the causes of con- 
genital malformations. There arc indications, as we shall 
show, that genetic predisposition is important for the devel- 
opment of many common malformations. But it is also clear 
that only a minoritj of the children with such genetic pre- 
dispositions are affected; environmental factors, mostly as 
yet unknown, must also plav a part. 

Experiments with animals, so rew'arding in most fields of 
medicine, have not contributed much directly to our under- 
standing of human congenital malformations. It is possible 
to produce malformed offspring by subjecting female rats or 
mice to temporar> and relativch minor upsets early in preg- 
nancy. While severe \itamin deficiencies in the pregnant 
female will result m death of the foetus, milder deficiencies 
or excesses may result in surviving malformed offspring. 
There is no clear evidence at the moment, however, that such 
factors are a cause of malformations in humans, or cause the 
malformations that occur naturally in wild and domestic 
animals. These animal experiments, however, have been 
valuable in showing that environmental influences which are 
hardly enough to disturb the mother, may damage the foetus 
she is carrying. Also they have been valuable in suggesting 
that often it is not the type of the environmental influence 
that is important in determining the kind of malformation, 
but the precise moment in the development of the embryo 
at which the influence takes effect. The few days in which the 
development of a particular organ is proceeding most rapidly 
are probably those in which a noxious influence is most likely 
to cause a malformation. 
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Infection in pregnancy and malformation 
The one known environmental cause of malformation in 
humans is the virus infection known as German measles. 
This discovery was made by an Australian eye specialist in 
1942; he noted that many of the young children he was seeing 
with congenital cataract, an opacity of the lens of the eye, 
had been born to mothers affected by German measles in the 
early months of pregnancy. It was soon established that the 
malformations which were most often caused in this way 
were cataract, malformations of the heart, and deafness. To 
produce the malformations the mother’s attack of German 
measles needed to be in the first three months of the preg- 
nancy. or in the first four months in the case of partial deaf- 
ness. This was to be expected since this is the period when 
tissues are forming. The risk of major malformation after 
infection in the first three months was found, in a survey 
carried out over all England, Wales, and Scotland between 
1950 and 1952, to be about one in six, and there was an 
additional risk of about one in eight of incomplete deafness. 
This risk, however, may vary with ditferent epidemics. A 
survey in France gave a higher risk, and another in Sweden 
a lower risk. 

Once this effect of Geiman measles had been found, it was 
natural to look for evidence that other virus infections such 
as ordinary measles, mumps, infantile paralysis, and influ- 
enza might cause congenital malformations. No convincing 
evidence has, as yet, been found of any similar effect of these 
other infections. German measles in pregnancy is a rare 
event and only a very small proportion of all congenital mal- 
formations can normally be accounted for in this way. This 
is true, except in epidemic years, even for the three types of 
malformation that may follow German measles in early 
pregnancy. 

When one studies the more common specific types of mal- 
formation it is usual to find that the causation is complex; 
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thjt both genetic predisposition and environmental factors, 

whose nature is not yet precisely worked out, are playing a 
part. A short account is gi\en in the following pages of what 
IS known of the causes of foui common malformations ; hare- 
lip (with or without lateral cleft palate) and congemtal deaf- 
ness, both of which arc present at birth, pylonc stenosis, 
which may be picsent at birth or at any rate in the first few 
days ot life , and congenital dislocation of the hip which may 
be present at birth but piobably docs not develop until the 
first tew months ot life 

Harelip and lateral eh ft palalt 

Cleft palate occurs in two (orms one in which the cleft is 
central and there is no harelip, and one in which the cleft is 
to one side and there is alwass also a harelip on the side of 
the cleft Sometimes the lattei t\pc ol cleft occurs on both 
sides and then theie is also a harelip on both sides. Family 
studies showed that the tw o toi ms w .re quite distinct, but that 
harelip without any cleft of the palate occuricd in the families 
of patients with harelip and lalcial cleft palate It followed 
that harelip with or without an associated lateral cleft palate 
was genetically distinct Irom central cleft palate. 

Large scale family studies have now been made lor pat- 
ients with haiclip with oi without latcial cleft palate, parti- 
cularly in Denmaik 1 he proportion ol live-born babies with 
the malformation is about 1 m 1,000 in fngland and pro- 
bably also in most north-Furoptan countries, but the pro- 
portion IS ovei twice as great in boys than in girls. Near 
relatives ol patients with the malformation have a c i is dcr- 
ably increased risk ol being affected. For brothers ind sisters, 
provided neither parent is also affected, the risk of having 
the maltormation is about I in 20. Where a parent is also 
affected the i isk to brothers and sisters is increased, perhaps 
to more than I in 10 The proportion of parents affected is 
only about 1 in 60. The risk to children of patients is not yet 
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well established, but is perhaps about 1 m 40 If, however, a 
patient does have an atfected child the nsk for a later brother 
or sister of the affected child rises to about 1 in 10 For aunts 
and uncles the risks are about 1 per cent and for first cousins 
only about 1 in 300 When a relative is affected the degree of 
the malformation is unrelated to that m the patient. For 
example, a patient with a harelip and cleft palate on both 
sides may have a brotlier with a simple one-sided harehp 

These iisks aie much less than for conditions simply 
determined by single mutant genes of large effect, dominant, 
reccssne, or sex-hnked recessive, such as those desciihed in 
Chapter 1 1 On the other hand for the near rel itives they are 
much higher than the general ri km the population, and as 
one moves further away from the patient to aunts and uncles 
and cousins, the risk falls piogicssively towards the low nsk 
in the gcncial population 

Numerous genetic theories can be put forward to explain 
risks of this kind They would be compatible, for example, 
with cntnely genetic determination by several genes. Such 
complete genetic determination, however, is ruled out by 
studies of twins No large-scale twin study has yet been 
made, but putting together those as yet available, of twelve 
identical co-twins thiec were also affected. This indicates that 
whatev er the genetic predisposition, only a minority, perhaps 
only a quarter of those who have the predisposition, are 
actually affected for fraternal co-twins the proportion 
affected was three in fifty six, much the same as for non-twin 
brothers and sisters 

If one apphes the evidence from identical twins, that the 
majority of individuals with the genetic predisposition are 
not affected, to the family risks, and assumes that for every 
relative affected there are about four with the genetic pre- 
disposition for the malformation but unaffected, the pat- 
tern becomes much closer to that given by a single recessive 
mutant gene. The risk to brothers and sisters of having the 
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predisposition would, on this hypothesis, be about 1 in 4; to 
parents and children about 1 in 12; to brothers and sisters 
with one parent affected about 1 in 2. The corresponding 
risks of being affected woula be about 1 in 20 for brothers 
and sisters, about 1 in 60 tor parents and children, and 1 
in 10 for brothers and sisters with one parent affected, and 
these are close to the proportions actually found. The mutant 
gene concerned would have a gene frequency of about 1 in 14. 

The recessive hypothesis would be strengthened if it could 
be shown on larger senes that the risk to the children of 
affected individuals is definitely less than the nsk to brothers 
and sisters. 

However, other genetic hypotheses are possible and the 
full explanation may be complicated To arrive at a more 
complete undci standing it may be necessary both to find 
ways of detecting those vv ho have the genetic predisposition, 
but are not themselves affected, and to discover something 
of the additional factors which determine whether or not the 
genetic predisposition takes effect The fairly low proportion 
of identical co-twins affected suggests that these additional 
factors must be mostly environmental rathei than genetic 
since, as we have noted, the identical twins would share such 
subsidiary genetic factois as well as the mam factoi The 
environmental factors, though, must be such as can affect 
only one of a pair of identical twins within the raotlier’s 
womb. Nothing is jet known of these environmental 
factors. 

Pyloric stenosis 

This genetically interesting condition is usually included 
among congenital malformations, though it is not certain 
that this IS correct. There is doubt whether it is present at 
birth, though it has been found to be present as early as the 
first week of life, and seldom develops after the first few 
months of life. 
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The essential abnormality appears to be overdevelopment 
of the muscle at the lower end of the stomach. The function 
of this muscle is to contract and hold food in the stomach 
while the first stage of the digestion of food takes place, then 
to relax and let the partly digested food into the small intes- 
tine. The effect of overdevelopment of the muscle is to pre- 
dispose to an obstruction of the exit of food from the 
stomach, which causes the baby to vomit, at first part and 
later almost all of its food. By the end of about the tourth 
month of life the effects of the condition have passed off, but 
if untreated the baby may well die before the age oC/our 
months from under-nutrition and infection of the intestines 
or lungs. An effective operation v/hich is nearly always com- 
pletely successful in relieving the condition was discovered 
in Germany in 1912 and consists simply in cutting through 
the muscle on one side. There arc normally no after-effects 
of the condition. Medicinal treatments, though at the mo- 
ment less reliable, are also being developed. 

The proportion of children affected is about 1 live-born 
child in 330 in north-west Europe. The condition is five times 
commoner in boys than in girls, so the frequency is about 
1 in 1 ,000 girls and 1 in 200 boys. The reason for this sex 
difference is not yet certain. 

It was early noticed that brothers and sisters of affected 
children are not uncommonly also affected. In one large 
family investigation from Birmingham it was found that 
about 1 brother in 16 was also affected and about 1 in 
64 sisters, a risk for both sexes combined of about 1 in 25. 
For each sex the risk was nearly 12 times greater than that 
in the general population, A more recent London survey con- 
firms this, but also indicates that the risk is higher to the 
brothers and sisters of affected girls than of affected boys. 
Until recently it was rare to find a parent affected and this is 
understandable, since it would seem that the proportion of 
affected individuals who survived before 1920 was small. 
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Now however some affected parents have had affected child- 
ren. In one senes of patients treated between 1948 and 1950 
at a London hospital, it was found that about 1 in 50 moth- 
ers and 1 in 200 fathers ueic also aftected. The senes was too 
small for these figures to be reliable, but it is interesting that 
the usual rate of 4 male to 1 Icmale is reversed in these 
affected parents Similarl> inlonuation on the risks to the 
children of those aftected is only gradually being collected. 
There arc a number of instances wheic an aftected individual 
has had one aftected child, and several wheic thev ha\c had 
two aftected or even Ihiec aftected children 

Two such families .ire shown m Figure 71, both coming 
to notice at the sam^ childicn's hospital The mother m 
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the first pedigree, i, 2 boin IV 12 was one of the lew sur- 
vivors before the invention ot the best operation foi the 
abnormality In the oilur pedigree the mother and all 
her affected children were successful!} tieated by opera- 
tion These lamilies are, howevei, exceptional and it would 
seem that the risk to sons and daughters is of the same order 
as that to brotheis and sisUis, though moie infonn.ition is 
needed before this may be regarded as well-established It is 
becoming apparent, however, that the children of the rela- 
tive!} rare girls who were aftected have, hke the brothers 
and sisters of these girls, a considerably higher risk than the 
children of boys who were aftected. Turning to other rela- 
tives, the risk to nephews and nieces is probably raised, but 
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the risk to first cousins may be little more than that to mem- 
bers of the general population. 

Only a small number of twin studies are available for 
pvlonc stenosis, but they are sufficient to show that the 
propoition of identical co-twins also affected is well below 
100 per cent and probably below 50 pei cent It is almost 
certainly lugher, however, than for fraternal twins wheie the 
proportion affected is similar to that of non-twin brothers 
and sisters Theie is, therefore, a strong indication that gene- 
tic lactois plav a part in the causation of pyloric stenosis. 
The twin studies show that cn\ nonmental factors must*also 
be concerned, and that perhaps one half or more of those 
who ha\e the genetic predispositix^n ne\er develop symptoms 
of the condition A number ofgenetic hypotheses would fit the 
facts obser\ed of which the simplest would be a dominant 
mutant gene w hose effect is modified by other genetic factors 
and ihc cnviionmcnt so that only about one in eight of the 
boys with the gene and one in forty of the girls with the 
gene, show symptoms 

Little is yet known about the en\ ironmental factors con- 
cerned in causing this illness One clue is that the illness comes 
on earliei in babies born at home than m those bom in hos- 
pital Anothei that the condition tends to develop earlier in 
babies led three-hourly than in those fed four-hourly. Yet 
another is that where the condition develops after the first 
fortnight, it IS more common in first-born children. These 
all suggest that skill in the feeding of the babj in the first 
fortnight plays some part in determining whether the genetic 
predisposition leads to frank illness 

Congenital dislocation of the hip 

Like pjloric stenosis, it is usual to include this condition 
among congenital malformations, though in many instances 
the actual dislocation is not present at birth The condition is 
rather less common in this country than harelip, affecting 
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about 1 child m 1,500. In contrast to pylonc stenosis and 
harelip, it is much more common among girls than boys. The 
ratio is about six girls affected to one boy and the propor- 
tion of girls affected is about 1 1 per 1,000 and of boys 0-2 
per 1,000. As with many other malformations the frequency 
vanes in different parts of the world In Europe it is especi- 
ally common in northern Italy and the highest frequencies 
have been reported for Lapps and Red Indian >. It is rare 
among Negroes. 

Another excellent twin study carried out by Idelberger 
in southern Germany has shown that a little less than half 
the identical co-twins of affscted individuals are also affected. 
Their i isk is much the same as that for non-twin brothers and 
sisters which is lto2pCi cent for bo>s and 5 to lOpcrcentfor 
girls. The risk to the children of affected individuals is of 
about the same oidei and that to paicnts rather lowei The 
risk to cousins is considciablv less, but still about ti\e times 
that in the general population 1 he-e arc individual families 
in which the risks are much highei There are indications of 
two sets of genetic predisposing factors, one lavouiing the 
development ol a shallow hip socket, one leading to an un- 
usual elasticity of the ligaments around the )oint. 1 he child- 
ren with the high risk ol developing dislocation appear to be 
those who inherit both picdispositions 

There has been some success in finding clues to the en- 
vironmental factors. The defect occurs moi c often among tust- 
born than later-born children It is rather more common 
among children born breech hrst than among those born 
head first ; nearly all first-born children in the breech position 
have lain in the mother's womb with their legs bent at the 
hip and extended along the trunk. The condition is more 
common among children born in winter than those bom m 
summer. The greater frequency among first- and breech- 
born children at first suggested that the actual mechames of 
birth predisposed to the condition. This is probably not so. 
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as it occurs also among children born by Caesarean opera- 
tion and it is the abnormal lie of the foetus in the mother’s 
womb that is important. The association with season of 
birth is interesting and one suggestion here is that this is a 
post-natal influence and the babies born in winter are liable 
to be tightly wrapped in bed clothes with their legs straight, 
instead of lying with their hips bent and turned out. The 
latter is the best position for treating the condition. 

Congenital deafness 

A remarkably complete surve> was made of congenital <feaf- 
ness in Northern Ireland by Stevenson and Cheeseman from 
the Queen’s University. Belfast, and reported in 1956. About 
1 child in 3,000 is born deaf. In a small proportion this is due 
to the mother catching German measles early in the preg- 
nancy, In many, probably the majority, the deafness is 
genetically determined. The hereditary factor responsible is 
often a recessive gene, but not always the same recessive gene. 
Evidence for this is that where both parents are normal they 
are often first cousins. In the Ulster survey this was true of 
10 per cent of such parents, as compared with only about 0*4 
per cent in the general population. Thi' raised frequency of 
cousin marriage incriminates recessive genes but also indi- 
cates that more than one such gene must be concerned. If it 
were always the same gene, the number of carriers in the 
population would be so high that one would not expect this 
increase of cousin marriage in the parents of deaf children. 
Again, if the same recessive gene were always responsible, 
when two congenitally deaf people married, as they not un- 
commonly do when educated in the same school for the 
deaf, all their children should be deaf ; if both parents are 
homozygous for the same gene, all the germ cells they form 
will carry the gene and all the children will be homozygotes. 
Of thirty-two marriages which were fertile in the Ulster sur- 
vey, in only five were all the children deaf, in six there were 
T-i 
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some normal and some deaf, and in twent>-onc all the child- 
ren \sere normal The twenty-one with all normal children 
can easily be explained if the patents were homozygous for 
different genes. The six mi\ed families aie explained if one 
parent was also a cariiei ol the gene causing deafness m the 
othei This was the explanation faxouied in the Ulster survey, 
but there are points in faxoui of the alternative hvpothesis 
that the deafness of one or other pa'ent was in some 
instances, due to a dominant eene 

If tme assumes that recessive genes are responsible foi all 
the ceneticallv dctei mined tvpes ol deafness then, bv com- 
parirm the pioportion of biothei> and sisters ailected with 
the expected 1 in 4 risk il is possible to calculate that all but 
about a quaitei of instances o\ congenital deafness are gene- 
ticallv determined II it is assumed that in some instances a 
dominant gene is coneeined the proportion geneticallv de- 
termined might be somewhat less, though still considerable 
Part ol (Uic of the most inter eslmg of the Ulster pedic^rees 
IS shown in \ igure 72 It will be seen from this pedigiee that 
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72 Part of one of Stevenson and Chceseman's pedigrees of congenital 

deal ness 

the deaf husband and wife i, 3 and i, 4 were probablv homo- 
zygous foi the same recessive gene, and this was also the case 
withii, 10 and ii, 11. But the deaf husband and wife in the 
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third generation, iii, 9 and in, 10, had unaffected boys and 
so were affected by different, though in all probability reces- 
sive, genes. 

Unfortunately, no way has yet been found of detecting 
those who arc hetcrozygfuis for the rcccssnc genes causing 
congenital deafness. 
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Looking to the Future - Eugenics 


An^ new advance in scientific knowledge buncos a new moial 
responsibility to mankind tc» appl> this knowledge coirectly. 
This H as tii'c of human hcieditv as it is of nuck«ii fusion 
The moral issues ansing from genetic knowledge are often 
difficult, but sooner or later they must be faced There are 
three processes which will biin^ lhe>L issues incrcasinglv to 
the t(uc The first is that the emiionmental causes of ill- 
ness such as malnutrition and bacterial inicction Jie being 
prevented. The illnesses which are to a significant degree 
genetically deteimined, even il no moic numcious than be- 
fore, aie lesponsiblc fc'i an inciea‘‘ing pu^poition of all 
Sickness and malformation 1 ne second is that m the near 
future, as the geneticallv dcteimiiKd and in part genetically 
determined disc)rdLis arc succ esslullv treated ihev will tend 
to become more numerous I cwei of tht, mutant genes pres- 
ent in each generation are eliminated, and the proportion of 
children boin with the ad\crse genetic predisposition will, m 
most instances, incrc*<se unless countei mLasutes aie taken 
The third is that, with the change from natural to planned 
paicnthood, artificial selcclion is, to a laige extent, repl icing 
natural selection I ittle is yet knewn of the direction and in- 
tensity of this artificial selection, but it would be risky to 
assume that it is negligible. 

There need be no hesitancy about one applicition of hu- 
man genetics. This is the special investigation and treatment 
of those who arc known from their family background to be 
likely to be predisposed to certain types of illness. An ex- 
ample IS the testing of younger brotheis and sisters of child- 
ren who are unable to use milk sugar, so that if the brothers 
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and sisters have the abnoimaJity they may be kept on a diet 
free from milk sugar. A much older example is the provision, 
in ancient Jewish tiadition, that boys from families in which 
haemophilia occurs are excused circumcision The next half 
century will sec great strides in protection ot this kind from 
the common diseases, such as duodenal ulcer, sugar diabetes, 
and perhaps schizophrenia and manic depressive insanity, 
where development may be due to both genetic predisposition 
and environmental factors Mankind has an obvious moral 
duty to apply genetic knowledge in this way, even though it 
reduces natural selection against harmful genes 

Human genetics, however, will find its mam application in 
the attempts to ensure that is many children as possible m 
each generation arc born free of genetic predisposition to 
abnormal development, and positively endowed with a good 
genetic constitution for health and socially valuable qualities 
ot mind In doing this, man will gradually be taking control 
o\cr his own esolution, substituting some form ot artificial 
selection for the natuial selection which has controlled gene 
frequencies m the past This ideal ot altciing the gene fre- 
quencies m the interests of future generations is as morally 
sound as the ideal ot presiding a better environment tor 
each successive gcneiation Many people, howevei, including 
geneticists, have doubts about any deliberate policy of aiti- 
ticial selection There aie three reasons for these doubts. 
Many men and women are unable to visualize methods of 
artificial selection which are morally right they doubt 
whether artificial '•election can be eftcctivi* jU achieving its 
aims and pel haps, most fundamental, they doubt whethei 
mankind can know just what qualities will be valuable m the 
futuie 

f ims of artijicial u let tion 

Taking the last doubt first, it is true that one generation can- 
not know in detail the qualities which will be most needed 
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in the unpredictable luluit Piobabl> each new generation 
will somewhat alter its aims Theie are, however, already 
certain aims on which m '»st of us would agiec We would 
wish to scL fewer children noin with gciKtic predisposition 
to severe physical malformation and severe mental dcliciency 
On the positive side, most ol us would value the qualitv ot 
gencial intelligence usimt intelligence in the sense ot the 
qualitv that enables us to lind the ri<^ht solutions to new 
pioblems and ditheulties as vve meet them, mental stabihtv 
in the sense ol the qualitv Ih it eii ibles us to withstand Ne\eie 
stress emotion il intellectu il ind phvsR il vsithout mentil 
breakdown, the qualiiies ol couiace enetgv and persevei- 
ance On the phv ical side lesistancc to disease the iibilitv 
to live in comfoit m ^alled climates and good cooidin iiion 
of nerve ind miisele are qu ih'ies most ol usvvciiki like tos^e 
in oui ehildien In eommunities with idemoei itie ind hb ill 
tradition aitllicnl selection vill pioeeed liom the dellbeiate 
choice ot paienls pi inmna the si/e ol then lamilies Once 
eugenic iesponsibilili(.s aie geiiei illv iceepted piogres^ will 
be alonu the \\n^^ ol mijoiiiv opinion ind \ ill lelleei the 
changing ideas ol each itdui ition is v\vll a^ lollowing dillei 
mg lines m dilleKnl counties 

Mithods ot timfiLial stki tioo 

It IS understandable in U p opl should hiVL doubts on the 
methods ot arlilieiil sehetion simcl most ol the selumes 
proposed m the past have been anlhoi ilai i in imposed bv 
governments and invoKina lestiiLtions on pel^onll hbeitv 
Several goveinmcnts hive loibidden mmngL ot men and 
women with eeitam eompl iint believed heiedituv while 
rccenllv anu deploiablv in National Soeiihst Geimin> 
manv men and womin weie ccnnpulsoiilv steiihzed in the 
interest ot 'Race Hygiene 

Maiiiage restriction and sterilization are not necessaiily 
unethical Maiiiages aie already foi bidden in most countiies 
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between clo^e relatives, and it might not be unreasonable to 
diseoiiiage mariiagc between couples who are both known 
to be caineis of the same lecessive gene, where it causes 
seveie handicap m the homo7\cote Vohintaij as opposed 
tocompulsorv stei ilizaiKU'* is no mliingcmcnt ot libLitv, and 
IS nsivcK piactiscd in the Scandinuian countiics on 
genetic indie itioiis In Britain volunt u\ teiili/ation on these 
gioiinds 1 not unknown but iheie is still an element ol doubt 
ah( It the keilitv ol the pel tlion e\eept whcie periornicd 
ji tiK Intel ests ol the pUienl s own h lUh 

Both lesMielMii ol mairiuic inel volimtuv slei ili/ iti^n, 
however lie likeiv te> bee nne de id i sues as methods of 
pi ’innu' Di eonx Minplei ind laoiv xadil> nailable \rtih- 
eiii xleeli(>n will be elleeted and is alie idv to some evtent 
benHelleeted thi oiiah tile volunt 11 V choice ol laniilysizcby 
inch duc I p iiein W hv^ie p iieins h ive moie ( hildicn than 
tile Vv .1 iL^ the lies thev earrv wdl in general be more 
cenniiKMi 1.1 the ne\t generauon 11 ihev have less than the 
aveia e nnilbel e I el Idiell the lleelUeiKV ol the geiles they 
earn wdl tend to eiioji in the n t j neralion 

It IS sometimes ihouglu t|iu ihe ( liuiehes disap| love of 
fainiK pi iiiiinj Thisisintso Ihe ittitndc ot the \n<dican 
elunen to I mu b j Mnnmi! his been cleiib and positnely 
slated at tlx cUnbethCi ntcu nee 1 he resolution ’ cads: 

The Coniereiiee hehcN sthittheie poi jhilit> tor deeiding upon 
the iiiimbei iik liecjienev ot hile'ien h is been 1 iid b\ Ood upon 
the wOnsciePees ol p aents e\erv w 'xie ih i this pi ini mg in such 
\ i\s siiemutuillv xcepL ible to hush ind ind wife in C hi istian 
ecnsLieiice isirightc d piport mt 1 letoi ot lamii> IhcaneKhould 
bv. ine re ult posilJ\e ehoxe belorc Ciod 

Tnc he'id of th \imlican chureh made it cleai that he con- 
Sideied it m V be the dutv of some p iieiits to plan large fami- 
lies It IS to be piesumcd though it has not been explicitly 
stated b\ tlic Chuien th it cugenie eonsideiations aic one of 
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the factors parents should consider m planning the size of 
their families. The Roman Catholic church has also ex- 
plicitly stated that parents must bear in mind eugenic 
considerations in planning the size of their families, but em- 
phasizes that the means used for family planning must be in 
conformity with natural law. Such natural methods are 
effective foi conti oiling total familj size, though spacing the 
children may be moie dithcult 

Efftiti\tnLSS of at tifu till sikction fat Loinliiioits cfui to single 
gtne (fficts 

Turning from the methods of aitilicial selection to their 
effectiveness, this will depend on thiec lactors the dcgice in 
which variation in the quahtv dcsiied is inhciited, the mode 
ot inhci itance, and the completeness with w Inch the artificial 
selection is earned out With most disoiders csscnlialK due 
to mutant genes it is reasonably stiaightlorward to work 
out the effect o1 selection on gene frequencies and on the 
piopoition of childieii boin with the disoidei Some predic- 
tion IS also alreadv possible with qualities such as intelligence 
as measured b> intelligence test, where much of the variation 
in the population IS due to genetic \ai ration and inhei itancc is 
multitactoiial With othei qualities, such as courage and 
perseverance, lor which the degree of genetic determination 
and the mode of inliei nance aie unknown, little can be 
predicted at the moment It is probable however, thvit selec- 
tion would lead to impiovemeiit in average genetic endow- 
ment for the quality desiied, at a late at which we can only 
guess 

Taking first disoideis essentially due to mutant genes of 
large eilcct, the potential response to artificial selection may 
be followed from the principles given in Chapter 5. The lela- 
tionships between the pioportion of children born with the 
abnormal genes, the mutation rate, and the intensity of 
selection apply whether the selection is natural or artificial. 
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Dominant mutations 

For conditions due to a dominant mutation, if patients vol- 
untarily limit their families so that they have, on the average, 
only half as many children as the ordinary man and woman, 
their biological fitness is reduced by half and the proportion 
of children born affected with the condition will settle to four 
times the mutation rate. The artificial selection would be as 
efficient as a natural selection by which half those affected 
died from the condition, while the remainder had families of 
usual size. Thus, the tendency of some new treatment to in- 
crease the fitness of children affected by a disease du^ to a 
dominant mutation, and to lead to an increase of the fre- 
quency of the disorder. ma> be met by advising parents of 
the risk to their children. 

Such artificial selection is essential if any long-term benefit 
is to be gained from a new treatment. Without it the propor- 
tion of children born affected will steadily rise till sufficient 
children die of the condition, in spite of the better treatment, 
to balance the number of fresh mutations entering the popu- 
lation. 1 or example, if the fitr.css of those with familial poly- 
posis of the colon is, without treatment, about half, then the 
proportion of children born afl’ectcd will be 4m, perhaps 
something like 1 in 25,000. If fitness is raised to nine-tenths, 
as a result of operative removal of the colon in childhood, 
then, without artificial selection, the proportion of children 
born aifected in the next generation would rise to 2m (from 
fresh mutations') plus x 4m (children born ‘o survivors), 
that is 5 (vti; in the next generation it v/ould be 7 Mm. This 
rise would go on until the proportion of children affected 
was 20m, perhaps 1 in 5,000, when once again there would 
be enough individuals dying from the condition, before their 
reproduction w'as complete, to balance the fresh mutations 
coming in in each generation. The disorder would be respon- 
sible for as many deaths as before, the lowered risk for the 
individual patient being balanced by the greater number of 
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men and women born predisposed to develop the condition. 

Artificial selection would entirely alter the picture Iflitness 
vsas held to half by this me.ms, the proportion of children 
born with genetic predisposition would not alter following 
the new treatment and nine-tenths ol these childicn would 
sur\ IV e 

Neither natural nor artilicial selection, however can le- 
diice the proportion oi children born afiected w ith conditions 
due to dominant mutant genes b>.lo'\ that due to Iresli muta- 
tions, since no way is vet known oi reducing mutation rates 
appreciably 

Ri(i'~\nL Diiilatio'i 

With eompletelv recessive nuuitions esscntiallv the same 
principles applv But the eilcel ol anv change .n the intensity 
of selection on the proportion ol e inn rs ol the gene and of 
children alfectcd because thev ire homo/jgotes lor the gene, 
IS vciy slow This applies both to the use in gene frequencies 
in the population lollov'ingon elleetive new treatments and 
the tall tollowing artil cial selection fins is because most of 
the mutant genes in a population aie picscnt in heterozvgous 
earners and so not subject to selection 

It IS ncccssarv to wain parents alter thev have hid one 
afiected child, ol the one in lour risk to turther children it the 
condition is a serious one In these da>s of small tamihes, 
however this will leducc the pioportion of aliccted children 
only by about one-si\th and will have little efiect on the 
gene frequencies Agam, where children aic succcsstully 
treated tor some condition due to the homozvgotis state of a 
recessive gene so that thc> grow up and arc capable ol hav- 
ing children it thev marrv an unrelated person, the nsks to 
these childicn are small It is not reasonable to expwCt much 
artificial selection against the gene from their voluntarily 
limiting the size of then families 
The position is greatly altered once it is possible to detect 
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the heterozygous earners Not only will thi> make it possible 
to warn young carriers of the same recessive mutant gene 
from marrying each other, and so decrease the proportion 
of children born homo7\gous for these genes, but it will also 
make possible artihcial selection against these genes in heter- 
ozsgotes T1 these heterozvgoles for a particular recessive 
gene plan a family size below the avciage ol the population, 
the carrier frequency will fall until iIk carrier frequenev is 
some small multiple oi the mutation late I hen the birth ot 
homo/vgotes would be verv larc indeed, even without any 
advice to carriers against marrvmg each other I oi exafnple, 
with a topical severe reccssivclv determined condition with 
frcquciicj ol about 1 m 'sO 000, and so a carriei frequency m 
the population of about I in 112 artilicial selection reducing 
the litncss of hetcro/vgotes to tvvo-thirds would, from the 
formula lor dominance, reduce the carrici Ircqucncv to 
about 1 in 8,000 ,and the proportion ol allectcd homozvgotes 
to aboui I in 250 000,000 

It must be remembered, however, that most ol the popula- 
tion arc heterozygous lor Oi oi more recessive gene-) It 
would only be practical therefore to exercise artihcial selec- 
tion indiv idually against those that arc i nduly common, such 
as the gene for Mediterranean anaem i in Italv, sicklc-cell 
anaemia in paits of Alrica and India, and perhaps libiocystic 
disease ot the pancreas in this country Once this selective 
advantage ol the hctcrozygotc, which has made the serious 
illnesses due to the homozvgous state of these gem s common, 
disappears, natural selection by itself will gradually diminish 
their ficquency But this involves deaths and artificial selec- 
tion IS much to be preferred 

Once recessive genes can be detected in the heterozygote, 
however, the practical method will probably be to invoke 
artificial selection against them in sum, rather than indivi- 
dually The means would be to assess the total number of 
disadvantageous genes a couple carried between them, and 
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then to suggest to those who carried many more than the 
average, that they should aim at two children or less, and to 
those who carried many fewer than the average, that they 
should aim at three children or more Jn giving advice of this 
kind care would be needed to preserve those recessnc genes 
which are still advantageous in the heterozygous state 

Se\-Unked tecessne mutatiom 

With sex-Iinkcd recessive genes, onct again artilicial selec- 
tion will be really efiectnc only when it is possible to detect 
thecairiers Its maximum cllcctiVLncss then will be that the 
proportion ol boys born with the mutant gene may be re- 
duced to the level of the mutation rate This would come 
about if ail earner mothers were detected and none had 
children 

To sum up the potential elleetuenes-. ol artilicial selec- 
tion lor mutant genes of large eflcct is that, in time, it will be 
possible to reduce the proportion of ehildien born with dom- 
inant genes for disordered grov th to nearly twice the muta- 
tion rate ^hc piopoition of boys with sex-linked recessive 
genes for disordered growth to near the mutation rate, and 
practically to eliminate children born homo/ygous for re- 
cessive mutant genes altogether This is all a long wav ahead, 
and in the meantime perhaps the aim should be to prevent by 
artilicial selection the tendency lor the proportion of children 
born with disadvantageous mutant gene^ to rise as a result of 
belter treatment It is also desirable to limit actual increase 
in the mutation rite from the aitilicial increase in radiation 
to which man is now subjecting himsell 

C hromosonie ahnonnaliiies 

The eugenic aspects of the conditions so far known to be due 
to abnormalities of the chromosomes are similar to those for 
conditions due to dominant mutations of large effect The 
great majority of patients affected by these abnormalities do 
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not reproduce The main hope for eugenic action is from the 
discovery and, where possible, the prevention of factors 
leading to the formation of the abnormal germ cells In some 
instances, however, it may be possible to recognize and warn 
men and women who have an unusually high risk of forming 
germ cells with an abnormal complement of chromosomes. 

Atliftiial sekctiofi fot qualitia with iiiultifac tonal inhci itance 

Let us turn from abnormalities of development due to 
chromosome abnormalities and to mutant genes of large 
cflect to the normal variation in the population for qualities 
of mind and character that help a child to become a useful 
and happ> individual Once again the desirable method of 
aitiliLiil selection will be through parents planning their 
fainilv si/e with du*' attention to the genetic endowment they 
will tian nut Ihc emphasis here though will not be the 
iitgativi one of planning a small family or even none at all, 
m order to cut down the frequency in the population of 
disadvantageous mutant genes but the positive one of plan- 
ning an above-average si/c family because the children are 
likel> to be at the upper end of the noimal variation for the 
desirable qualities 

Genetic endowment for qualities suen as mental stability, 
energy, and intelligence is likely to be multifactorial But 
provided a considerable proportion of the variation for these 
qualities in the population is due to this kind of inheritance, 
then one may predict the effects of selection with reasonable 
confidence, at any rate for two or thr'^e generations Due 
allowance must be made foi environmental changes and 
the direct environmental cflecf of differences m family size 
on development of these qualities One may take general 
intelligence as an illustration, because it can be roughly 
measured though it is only one of the desirable qualities We 
have seen there is already evidence that much of the varia- 
tion for intelligence in a population such as that of Britain 
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today IS genetic, and that this genetic variation is piobably 
multifactorial 

If one disregards for a niiment environmental variation 
and assumes that the regression towards the mean of a 
child’s intelligence on one parent's intelligence is about half. 
It IS casv to sec that diOercnccs in fcrtilitj in relation to the 
intelligence ol even just one parent would moM probably 
have a consideiablc ellect To tale an extreme example of 
selection through males if all thcchildiei. ol the next geiieia- 
tion were born to fathers at the lower end ol the normal 
distribution of intelligence with intelligence quotient ibout 
60 then the average intcIligciKe ol the children would be 
around H) and half ol them v ouic' be bilov tho Lvel in- 
stead ol onlv about one child in six Similarlv if all children 
were born to lathers with intclligen«.eqiH ticnt about 140 the 
average intelligence ol the ehildren would be about lit) and 
halt would be above this level instead ol onlv about one 
child in SIX The same procedure applied to the next "eiicra- 
tion would change the averages to iLout 70 uid about i 70 
The socud eonscciucnces of a change ol aveiagw intelligeiiec 
of this size in either direction would be enormous 

Such extreme selection is most unlikelv to be applied to 
anv human societv except in some due cmcrgciicv In prac- 
tice too since as much as a halt ol the vaiiation in intel- 
ligence in present socictv is enviionmentil part onlv o' the 
change would be due to ehangc m gene ficquencics The 
experience of animal bleeders lor sueh characters is that at 
first rapid changes can be brought about m the w v we 
have indicated bv intense selection but that alter a varving 
number of generations the eflect ol selection becomes less 
than one would expect and is often hampered b> loss of 
feitility There is no evidence that natural selection has >ct 
had this eflect in relation to intelligence in man. The poten- 
tial fertility of men and women of high intelligence todav is 
certainl> suflicient to permit most of them, if they wish, to 
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fulfil plans for a large fcimil>, and there is little doubt that 
artificial selection could have considerable cllects on the 
level of intelligence of the population Part at least of this 
ehect would represent genetic change 

In the discussion on natural selection in relation to intel- 
ligwUce in Chapter 7, it was suggested that the practice of 
deliberate familv planning is eflcctivclv adopted first bv the 
most intelligent and competent parents in the population I or 
a time thcrefoic, it results in an association ot high intelh- 
genee and relative infeitilitv balancing anv natuial selection 
whereb\ the less intelligent and less competent lose more ot 
their children bv death in chilclliood It was also suggested 
th It a counter trend has alreadv developed within the group 
practising ellective familv planning whereby, on the whole, 
tlu moie intelligent parents are having more children If, as 
seems probable, lew of the intelligent parents are at present 
consciouslv influenced bv eugenic ideas, this mav illustrate 
an important feature of artilichil selection through family 
planning Once all children are planned, even though the 
parents have no deliberate eugenic policv, it is to be ex- 
pected that on the whole those parents who are hkelv to 
transmit sociallv valuable qualities will have the largest 
families 

Cjciicrallv speaking it is the mothers who are competent, 
energetic, and mentailv stable as well as being fond of child- 
ren, who will find the rearing of their first two or three child- 
ren cnjovable and rewarding and will plan further children 
Again, ptirents who have qualities wind: ^ re especiall> valu- 
able to the conimumtv will, in general, be well paid They 
will be able to aHoic large families Even when they are not 
well paid, like man> clergvmen and creative artists, they arc 
the kind of people who carry through their plans lor the size 
of their families despite financial or other difhculties. Even 
so, parents’ plans will be influenced bv the social policies of 
the community m which they live and governments will be 
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well advised to consider the effects of their health, educa- 
tional, and housing policies on the genetic structure of the 
coming generations of children 

Eugenically desirable policies 

Mldical It is most important to make knowledge of and 
facilities lor family planning, appropriate to the individual’s 
religion, available to the tommunitv as soon as possible. 
Special efiorts are needed to offer the opportunity of family 
planning to the most ignorant and least gifted groups This 
will be much more easilv done once a simple and reliable 
method of contraception has been found Facilities for 
medical genetic counselling should also be expanded 

Sot lAi It IS impoitant to imestigate a, far as possible, 
social circumstances which mav lead good paients unwil- 
lingly to limit their lamihes to two or three children lest 
they prejudice the oppoitumtics of these children Intxitably 
bringing up a large faniil> ot four or more children taxes the 
energy and lesoureefuliiess of the parents particularly the 
mother This is desirable, since then only mothers well en- 
dowed in these respects will wish to go beyond a two- or 
three-child family But it is undesirable from the viewpoint 
of eugenics that good parents, who rightly have a feeling of 
responsibility for their children's welfare, should feel they 
must restrict the size ot the family in the interests of the first 
two or three children A recent survey of the families of 
children who were showing unusual promise, in local 
authority schools in south-east tngland showed that the 
mam parental anxiety today is not the difiiculty ot providing 
material care but of pro' iding the best education tor their 
children The two most useful measures to meet these 
anxieties would be to hasten the improvement of local 
authority schools, and to extend the generous system of edu- 
cational grants already available for university and other 
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post-school education to all education for suitable children 
beyond compulsory school-leaving age. 

Educational: It is important that the biological sciences 
should be more extensively and better taught in schools in 
order that community opinion on the application of human 
genetics should be well-informed. In a successful agrarian 
or pastoral community knowledge of essential biological 
principles is widespread, diough often unformulated. In an 
urban or industrial community biology must be directly 
taught. 

The Jar fuliae 

While the ways in which knowledge of human genetics will 
be applied in the near future is fairly clear, one can only 
guess at the applications of human genetics in the distant 
future. New discoveries will be made at an increasing rate, as 
many of the best scientific minds turn from the physical 
sciences to the more complex but more interesting biological 
sciences. In addition, if any larg populations are successful 
in using artihcial selection to raise average intelligence signi- 
ficantly, all kinds of scientific discoveries will come fast. 

In human genetics the most importar^^ future discovery 
will perhaps be ways of inducing at will mutations in any 
desired direction. On the negative side this would make it 
possible to change the disadvantageous mutations an in- 
dividual might possess back to the normal form, so that they 
will not be transmitted. On the positive side it would make it 
possible to induce new mutations deliberately to meet new 
environmental stresses as they arise. 
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MASS, LENGTH AND TIME 


Nonnan Feat he t 

\S32 

Measurements of mass, length, and time are the fundamental 
measuiemcnts m physics Professor Feather traces the history of 
the cmcrgLnLC of these concepts, with their as'^ociatcd systems of 
measuicment, from the earliest times On this basis the whole 
subiect of the mechanical propel tics of matter in bulk is dcveliaped. 
A un'cjne leature of the book is its complete w\clusion of the cal- 
culus in an> lormal context The c^jthor's expicss intention is to 
provide an understanding of principles and he devotes chapters to 
diBercnt kinds of motion, to force, mas> and inertia, to gravitation, 
encrg> of various soils, ela^ticit> and surface tension His bio- 
graphical notes on the physicists he mentions add direct human 
mteicst to this explanation of ‘what Physics is all about’ For 
cssentialh this book olTeis a friendl> introduction to the science of 
PhysiCs 

‘What the authoi has in view has been done idmiiably, m a 
way that will '.timulate the gcneial intciesl ind broaden the mind 
of the youthful leadci ’ - Professor Andrade in the Aew Scientist 
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Tntclliecncc OiioticiU i i iiil ins ol oil iSLirine bra n c iracil\ 

has LoniL pidil anJ rnort. into the public c\l in rccci l Ncirs md th 
nin-aw i\ succ«.ssol a tclcvi uin priiciammc li^c /cm// an i I\if / 
diawiim sonic J4 000,0(y) mcwcis c\cr\ week prove*' how re idv 
pcciplc lie to put thcmscKcs to the mtcllmciuc tc t 

rhi s It present ihe onI\ look which permits the n idei te*) 
determine his own I O In the tn t put ol it the wel' I no n mthor 
ol Sc //sc Uhl \an\(ii\L // /^l^//<>/t> \ ind is a I M i t >f 
PsmIioIo 1 de cubes ele u K whit in I ('* l^ how it e in be ipphed 
and whit the shorteorniims ol Uiis svslem (>1 i itin<»n'ii> be 

Ihe second put oi llie bt \ ecntiin eudit et o( h t TO 
problems each ind these lie madu ited r >m quite e isn U) \er\ 
dilheult’ rheie are i ible hM e( neitipp re nil into in I O r ilii vr 
aid do t'plmitKfi ol il ^ pu>blems I ethei with the ulIU 
answers at the >.nd ol the ni c k 




INTRODUCING SCIENCE 


Alan Isaacs 

A ^62 

‘It IS doaMful if the kind ot science included in the geneial education 
ol humanist is L\Ln barelv adequate ' So the Duke ’ll I dinhurgh 
expressed a ieehnir th it most of us probablv share (with varying 
degrees ol guilt) In this direct, lively book Dr Isaacs intioduces 
scieiiee to ail those who reali/e that their undei standing of mo*Jlern 
life is limited bv ignoiance ol science He lirst identilied the two 
great prmeiples of the umvei>e niatier and energy A whole 
seetion ol the book is then devoted to each ot these concepts The 
ehaptci on living mattei takes into account the most recent bio- 
elKinical developments, while the section on eiierg> describes 
nuelear eiiergv as well as the older loims - chemical, heat, mechan- 
ical and radiant The linal pir( ol the book survevs the boundaries 
ol knowLdge, dealing m particular with the creation of lite and 
the ultiniile nature ol mitlei 

We live 111 a seientili^ age Can wc atlord not to be inhoduced to 
science ’ 




A DICTIONARY OF ELECTRONICS 


S Handel 

R 19 

CiC rapid has been the growth of electronics thit you will nc 
the word in any English dictionary published before ‘Ti 
tor’ IS still absent from most dictionaries Yet both words 
common use, though often not understood 

Automation, radar, television, tape-recording computer 
ficial satellites, guided missiles, communications, and naviga^ 
all these, with their profound eftect on everyday life are dep 
on electronics, and each application contributes its quota of n 
words Hence we have a serious problem oi language 

This diction iry has been prepared bv a consultant ele 
engineer with twenty year', experience in clectionics, as a 
accurate and up-to-date reference work both tor those 
professionally concerned with electronics and for those ' 
simply moved b> a healthy euiiosity about our complicate 
In the definitions provided, such words and phrases as 
unfamiliar to non technical readeis are all related by s 
cross-refcrcncc to ‘standard dictionary’ words Spec 
electronics will find th»s a usJul source of short, aut 
descriptions and, when they exist standardized definitioi 
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